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= Dredging or land reclamation in most parts 
~~ of the World is simple and less costly 
~ using the *Dee’ prefabricated dredger. 


WESTMINSTER DREDGING CO. LTD. 


(E. D. KALIS—MANAGING DIRECTOR) 


The Organisation with 3 Centuries of Dredging Experience 


12-14, DARTMOUTH STREET, WESTMINSTER, LONDON, S.W.1 


Tel. : Trafalgar 6835—6. And at BROMBOROUGH, CHESHIRE. Rock Ferry 4255 & 4530 
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PRIESTMAN 


THE PRIESTMAN SYSTEM OF GRAB DREDGING 
has been recognised as standard practice for over 
seventy years, and has been evolved to give a high 
speed of working, ease of operation and the high- 
est standard of accuracy. Year in and year out, 
the Priestman System continues to give a trouble 
free performance as regularly as tide follows tide. 
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85 feet long Reinforced Concrete Piles for a Jetty. 


94. VICTORIA STREET, LONDON, S.W.1 VICTORIA 6152 , 
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Editorial Comments 


THE PORT OF MOMBASA. 


The leading article in this issue is based on a Presidential 
Address by Mr. W. Urquhart, delivered before the East African 
Association of Engineers. The speaker pointed out that the island 
of Mombasa, some 150 miles north oi Zanzibar, lies in the middle 
of a double inlet of the Sea stretching northward into Port Tudor 
and westward into Port Reitz, and also referred to the solid cause- 
way on the north west, carrying a single line railway and road, 
and to the pontoon bridge on the east which now connect the island 
to the mainland. He also mentioned that the western or Kilindini 
side of the inlet constitutes probably the finest sheltered harbour 
on the east coast of Africa, and is some three miles long and half 
a mile wide, with a depth of water up to 20 fathoms. 

Port Reitz, which is approached from Kilindini, is another large 
sheet of water four or five miles long, at the seaward end of which 
the depth of water is also sufficient to enable the largest ships to 
lie in safety. 

The mile long entrance channel to Kilindini is somewhat tor- 
tuous and comparatively narrow being, in some places, as little as 
700-ft. wide between the five fathom contours. This channel is 
deep, and currents of about four knots at Spring tides are encoun- 
tered. As the speaker pointed out, however, it has an excellent 
entrance and affords complete protection inside the harbour even 
during the south-west Monsoon, when the sea is rough outside. 

The shore line at Kilindini is, by nature, favourably aligned 
for the construction of large scale harbour works, but it seems 
that, in the light of experience, the island will not be able to 
accommodate all the requirements of a major port. In this event, 
future extension of the berthing facilities may take place along the 
shores of Port Reitz, to the north and west. 

The control of all ports and harbours on the coast of Kenya 
and Uganda is vested in the High Commissioner for Transport, 
with Management under the General Manager of Railways and 
Harbours who exercises his control through a Port Manager. To 
advise the Port Manager there is, at Mombasa, a Harbour Advisory 
Board, which consists of the Commissioner of Customs as Chair- 
man, with elected and appointed members representative of 
shipping, commercial and other local interests. 

lt was early realised that Kilindini was the more suitable for 
port installations and the first structures were of timber, which 
however, had a short life owing to attacks of the Toredo Navalis. 
Where the foundation strata was of rock or sand, recourse was 


then had to wharves built of concrete blocks, and these are still 
In 1913, a jetty was constructed of reinforced concrete, 
35 years after, 
This speaks 


in use. 
an’ it is interesting to note that it is only now, 
that serious deterioration of the concrete is apparent. 





well for the skill and excellent work of the engineers and 
contractors responsible. 
In later construction, block-work quays, where suitable, have 


again been favoured, and a reinforced concrete quay built during 
the recent war, forms an interesting comparison. The design of 
the latter has some features of note, and one cannot but remark 
how, in general, Continental and Colonial maritime structures 
exhibit a great many ingenious and effective innovations of design, 
as compared with the almost standardised forms of construction 
favoured in British practice. 

A feature, for example, of this reinforced concrete quay is the 
combination of the ordinary beam and slab construction with the 
platform type of quay wall, by which means considerable advan- 
tages were obtained. The central portion of the deck, being 
carried below the beams, gave inertia against impact forces by 
enabling additional weight, to give stability against overturning, to 
be provided cheaply by means of earth filling, together with the 
elimination of a considerable surface area of reinforced concrete 
below the deck, where deterioration of concrete is usually most 
prevalent. 

A figure of three tons per lineal foot is mentioned as the design 
pressure allowed for on the fender system, but no special provision 
for impact appears to have been made, which is somewhat 
surprising. 

Mombasa is essentially a railway operation port and this feature 
is reflected in the layout of the quays and sheds, the latter being 
provided with depressed tracks, so often seen in American ports. 

A problem which may have to be solved in the future is that 
of siltation, which it is stated is now becoming apparent, and 
may have been initially caused by the construction of the solid 
causeway, previously mentioned. 

CONCRETE PILE DRIVING. 

A paper by Mr. Allan Bennett giving details of the manufacture 
of concrete piles was published in the June, 1949, issue of this 
Journal, and we now have pleasure in presenting a further con- 
tribution on the subject, in which Mr. Bennett deals mainly with 
the plant used in handling and driving the piles. 

Readers will find several points of interest in the present paper, 
the most prominent being the method to eliminate damage to the 
piles in the process of placing them in the pile frame, a very 
necessary precaution in dealing with piles of great weight and 
length. As the author points out, it is in this part of piling work 
that the avoidance of risk of initial damage and the major saving 
in construction time can usually be effected. The use of the drop 
hammer, in the special circumstances mentioned, appears to have 
been a wise decision, for there is no question that in inexperienced 
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hands the steam hammer can be responsible for a great deal of 
damage to reinforced concrete piles, and even to false “‘ sets ”’ 
and “‘ resistances,’’ unless the greatest care is exercised. 

The art of designing pile foundations has by no means reached 
finality, notwithstanding the amount of research work that has 
already been carried out, and being so largely based upon obser- 
vation and experience, every record of field practice duly collated 
and analysed is a useful contribution to the subject. It would, 
therefore, have been interesting if Mr. Bennett could have given 
some of the constants he used with the Hiley formula, particularly 
in respect to the efficiency factor, and the calculations and actual 
piling graphs of the driving and testing of some of the piles. 

The design of the wharf described in the article has some un- 
usual features, which merit examination; for instance, the way in 
which bracing and deep beams were eliminated, resulting in 
economy in materials and shuttering, together with considerable 
reduction in surface area of concrete. The broad principles of this 
type of wharf decking, however, are not entirely new, and those 
interested will find that the Institution of Civil Engineers, Paper 
No. 14, ‘‘ Improvements in Jetty Design, with special reference 
to Systems of Fendering,’’ is a worth while study. 

The wharves at Launceston and at Mombasa (referred to in 
the previous comment) reveal contrasting methods of arriving at 
somewhat similar results. Although no figures are given for 
the length and weight of the hollow piles used at Mombasa, it 
seems that for 80-ft. piles there might be a very considerable 
saving in weight compared with the octagonal solid piles. This 
saving would have a marked effect on the plant required for 
handling, pitching and driving. 


DRAINAGE AND WATER POLLUTION. 

For some years past, drainage and water pollution has been 
a matter of growing importance in this country, and more recently, 
it has been the subject of Parliamentary legislation, culminating 
in an Act which will considerably strengthen the existing law in 
respect to the prevention of pollution of rivers and streams and 
the enforcement of purification standards. This legislation, when 
put into effect, should greatly improve the smaller streams and 
water courses, with considerable benefit to health, amenities and 
river-side pursuits, and its benefit may even be felt on some of 
the more important rivers and estuaries. 

As we have already mentioned previously in these columns, the 
condition of the water in the River Thames throughout the summer 
of 1949 gave the Port of London Authority, as Conservators of 
the Tidal River, cause for much concern, and many complaints 
were received from shipowners and other interests about the 
obnoxious condition of the Thames water and the damage and 
inconvenience caused thereby. 

The Port of London Authority are, unfortunately, in an ex- 
tremely invidious position. As perhaps is well known, the River 
Thames and some of its tributories are a major source of the 
supply of water to London. It is abstracted in increasing quantities 
in the higher reaches of the river, by the Metropolitan Water 
Board, by virtue of Acts of Parliament and of Orders by the 
Ministries of Health and Transport, and so has the effect of 
greatly reducing the natural flow of the river. Coupled with this, 
London’s ever-increasing population has, for many years, thrown 
a severe strain upon the existing sewage disposal plants of the 
London County Council, with the result that quantities of sewage 
effluents of doubtful purity have perforce had to be discharged 
into the River. 

Fortunately, the West Middlesex Main Drainage Scheme, and 
the sewage purification works at Isleworth, the latter being based 
on the activated sludge and sludge digestion principle, were com- 
pleted in 1936. By its purity and volume, which at times during 
the summer months has been known to approach that of the flow 
of land water over Teddington Weir, this effluent has helped con- 
siderably to mitigate the adverse conditions in the river. 

It has been apparent that no appreciable improvement in the 
condition of the Thames water could be gained except by a long 
term policy embracing, inter alia, more efficient purification of 
sewage, the elimination of small and inefficient sewage works, and 


their concentration in large purification plants, together with .ew 
sources of fresh water supply and an appreciable increase in stc age 
capacity for summer use, so as to avoid drawing upon the | ver 
at a time when a greater flow of fresh land water is most requ’:ed, 

With regard to the first item, we understand that the Lordon 
County Council, who have always been keenly aware of the 
general situation, are now proceeding with an extension of | .eir 
Northern Outfall sewage works and are also considering plan: for 
further purification works there and at the Crossness installation, 
Thus, at long last, a notable step forward has been made towerds 
remedy.ng the adverse drainage conditions of the Thames. 

Appropriate to this subject we have included in this issue 
abstracts from a Paper by Mr. J. T. Calvert, dealing with the 
influence of the tides upon drainage schemes. This paper wil! be 
of interest to those Dock Authorities concerned with these ques- 
tions, which, in a thickly populated country, are of such great 
importance. 

Mr. Calvert is no doubt correct in saying that present conditions 
will probably restrict expenditure on large-scale sewerage schemies, 
so the decision of the London County Council to initiate their long 
overdue improvement proposals is therefore the more welcome. 
STORM SURGES. 

A problem having a bearing upon Tides and Drainage, is the 
incidence of tides of abnormal height, and the report recently 
published by the Liverpool Observatory and Tidal Institute, on 
behalf of the London County Council, giving the results of a ten- 
year investigation into storm surges in the North Sea, and their 
effect upon the River Thames, is pertinent to the subject. 

The report consists of statistics, charts and graphs dealing with 
the mathematical probability of a recurrence of the disastrous 
high tide which occurred in the Thames in January, 1928. One 
of the conclusions arrived at, based on a mathematical analysis, 
was that the level reached in that year would occur once in 44 
years. There is also a suggestion that tides 1-ft. and 2-ft. higher 
are mathematically probable, once in 189 and 819 years respec- 
tively, and that the river banks in the estuary would then be 
overflowed and thus mitigate flooding in the County of London. 

The London County Council is the Flood Prevention Authority 
of the County of London and its Rivers and Drainage Committee 
is now considering the report. In the meantime, the Council’s 
Chief Engineer is investigating recently proposed alterations to 
the levels of flood defences in the estuary, administered by the 
Catchment Boards of Essex and Kent, and at the same time is 
reviewing the flood prevention levels in the County. 

A disturbing aspect of the matter is that, already, since 1928 
there have been two occasions (February, 1938, and March, 
1949) when the level of that tide has been exceeded. Thus the 
prediction of exceptionally high tides, based on mathematical 
probabilities has proved very different from actual events. More- 
over, earlier cycles of recurrence in future years would not be 
surprising, as there is definite evidence of land depression in the 
Thames estuary at the rate of 6-in. per century, in relation to 
mean sea level. 

The overflowing of the earth embankments below London would 
have disastrous results in the river, causing breaches difficult to 
repair accompanied by shoaling due to altered flow and debris 
washed in from them, which would affect navigation for a long 
time. 

It has been suggested that a large area of low-lying land on 
the north bank at a suitable distance below London might be 
made to accommodate an overspill sufficient in volume to relieve 
flooding higher up the river. Such a scheme to be effective, would 
probably need a concrete self priming syphon weir to pass several 
hundred million cubic feet of water in about an hour, and its 
dimensions would be somewhere about half the size of the Assouan 
Dam on the Nile. 

Neither the overflowing of the earth banks of the estuary nor 
the construction of release works can be considered feasible pro- 
positions, however, and the only safeguard against flooding in the 
London area by exceptionally high tides appears to be the 
strengthening of the existing river walls and raising them to an 
adequate height. 
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The Port of Mombasa 


With Special Reference to the Construction of Berths 7 and 8 


By W. URQUHART, O.B.E., B.Sc., M.I.C.E.* 


OMBASA is an island set back into the mainland with 

a comparatively narrow channel approach through the 

coral reefs which lie along the East African coast. There 

is deep water on both sides of the island and the original 
harbour lies on the east while the present harbour known as 
Kilindini lies to the west. The old harbour on the eastern side was 
in use up to about 1896 and while offering fair protection it is 
more open to the sea than Kilindini and is not suitable for ships 
of more than about 3,000 tons. It is still used extensively by 
dhows. At its northern cnd it opens up into the large creek known 
as Port Tudor, which is a shallow area of water of no practical 
value as a harbour. 

Mombasa lies in latitude 4°—3’ South and longitude 39°—41’ 
East and is within the influence of the north-east and south-west 
monsoons, the former blowing from about November to March 
and the latter from May to September. During the south-west 
monsoon the sea is rough and wind reaches about 5 on the Beau- 
fort scale although gusts have been recorded of 49 m.p.h. The 
north-east monsoon is usually attended by light winds and a slight 
sea. The tidal range is 12 feet at springs and 4 feet at neaps. 
The port is controlled and administered by the East African 
Railways and Harbours Administration. 

Mombasa is old and its history goes back probably to the days 
of the Phoenicians. It is known that in the 8th century Mombasa 
and Malindi were important centres under the sway of the Sultans 
of Muskat and Oman and Persian settlements were known to 
exist on the coast. It was not, however, until the 15th century 
that the first Europeans arrived at Mombasa, and it was in April, 
1498, that Vasco da Gama sailed into the harbour on his journey 
from Lisbon round the Cape to India. This was the commence- 
ment of the Portuguese domination of the East African coast, and 
they held Mombasa off and on from 1505 to 1729. They built 
Fort Jesus in 1593 where they were besieged continuously for a 
period of almost three years at the end of the 17th century, the 
fort being eventually captured and the remnants of the defenders 
killed only a few days before the Portuguese fleet arrived to 
relieve them. Mombasa and -the East African coast then came 
under Arab control and the 10-mile coastal strip of the Kenya 
protectorate remains to this day under the sovereignty of the 
Sultan of Zanzibar, whose red flag flies from the old fort of Jesus. 
Mombasa over this long period well deserved its name of Kisiwa 
Mvita, or ‘‘ The Island of War,’’ in contrast to its neighbour of 
Dar es Salaam, ‘‘ The Haven of Peace.’’ 

The first record of an English ship at Mombasa was in 1591, 
and in 1820 we hear of a hydrographic survey of the Indian 
Ocean being made by two British ships, H.M.S. Leven and 
H.M.S. Barracouta, and it was in 1823 that the British flag was 
first hoisted at Mombasa by this expedition and the East African 
Protectorate declared. This achievement was, however, dis- 
owned by the Government in London, and it was not until 1888 
that a charter was granted to the Imperial British East Africa 
Company which formed the foundation of the present Colony and 
Protectorate of Kenya. 

The visit of these two ships has, however, left its mark at 
Mombasa as the first Governor in 1823 was Lieut. Reitz of H.M.S. 
Leven, who gave his name to Port Reitz, and whose house 
Leven House—was built near the old well at Mombasa close to 
the Leven steps. Port Tudor was named after Midshipman Tudor 
of the same ship. 

The first marine structure to be built at Kilindini was a jetty 
constructed in 1896 on the south side of Ras Kilindini in Kilindini 
Bav for the purpose of enabling the stores required for the new 
railway to be discharged from lighters. This jetty was built 








“Presidential Address (slightly abridged) delivered to the East African 
\ssociation of Engineers, June, 1949. 


partly in embankment and partly in wooden piles and was 650-it. 
tong. Owing to the attacks of Teredo the timber work was 
gradually destroyed and repairs were made partly in coral and 
partly in rail piles The jetty carried two metre gauge rail tracks 
and two 10-ton cranes and was fitted with 15-ton shear legs at 
the seaward end. There was also a sinall coal jetty. 

Prior to the construction of these jetties all material was taken 
by lighter as close inshore as possible at high water. It was 
then dumped overboard and retrived when the tide went down. 
In the case of perishable stores the lighters were allowed to ground 
and offloaded when the water receded. The sea-going equipment 
at the end of 1897 consisted of one steam tug 67ft. long and 7 
lighters. The capacity of the port was said to be 300 tons per 
day. 

Kilindini was chosen by the Railway engineers for the landing 
of their stores and materials in preference to Mombasa, and thx 
following extract from a report by Sir Guildford Molesworth in 
1899 sets out the reason for the selection:— 

‘‘ The present port of Mombasa is absolutely unfitted to be 
the main port of B.E. Africa. The anchorage is narrow and 
confined and steamers of large sizes have difficulty in turning. 
The landing arrangements are primitive and the Customs House 
and sheds small and cramped. Mombasa is easier of access to 
sailing vessels entering with the prevailing wind but the porte 
is unprotected from heavy seas and would be exposed to bom- 
bardment from outside in the case of war. At Kilindini on the 
south end there is an excellent harbour completely land locked 
with a capacious and well protected anchorage. The present 
landing jetties for the railway terminus are there and the port 
possesses great facilities for development as well as sites for 
warehduses and wharves capable of almost indefinite exten- 
sion. 

It was not long after the completion of the railway to Kisumu 
that the resultant increase in traffic began to make itself felt at 
the port, and in 1901 and 1906 tentative schemes for a deep 
water pier were prepared. However, schemes for deep water 
wharves were all abandoned, but in 1907 work was started on 
the construction of a lighterage wharf 550-ft. long giving a depth 
of 6 feet of water at low tide. This wharf was built of concrete 
blocks founded on a concrete bed over rock or sand. The wall 
is a gravity section 11-ft. wide at the cope which is 15-ft. above 
low water level. This pier is still in existence and carried all 
the traffic to and from British East Africa until 1925. It is still 
used for lighterage traffic at Kilindini. It was equipped in 1907 
with a 20-ton hand crane, two 10-ton, two 5-ton and two 2-ton 
steam cranes. 

The first deep water berth to be constructed at Mombasa was 
built in 1913 by the Magadi Sode Company to handle their export 
traffic of soda ash. The wharf, which is sited at that part of 
Kilindini called Magadi, consists of a reinforced concrete deck 
213-ft. long by 17-ft. wide carried on two rows of 14-in. x 14-in. 
reinforced concrete piles; the front row of piles is enclosed in 
a concrete cylinder of 3-ft. 6-in. diameter. A depth of 27-ft. is 
available alongside at low water. The wharf was designed purely 
to deal with soda traffic and carries two high-level steel conveyors 
connecting it to the Magadi Soda Company’s warehouses and 
storage sheds on the high ground behind. There was originally 
no connection with the shore at the low level, but a cat-walk 
was added for this purpose a few years ago. The pier, conveyors, 
sheds, land and all equipment were purchased by the Harbour 
Authorities in 1937 and they now form part of the general cargo 
handling appliances at the Port. Quite serious deterioration of 
the structure is now becoming evident and concrete is spalling 
away from the piles and on the deck; repairs are in hand at the 
moment and these consist of cutting away the concrete, cleaning 
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up the steel and repairing by guniting. On parts of the deck it 
has been necessary to cut out and replace portions of the rein- 
forcement where corrosion has been heavy; it is of interest to 
note that the most seriously affected portions of the piles lie 
between high water mark and half tide and the damage is much 
less between half tide and low water. 

In 1912 Messrs. Coode, Matthews, Fitzmaurice & Wilson were 
asked to report on the possibilities of constructing a quay at Mom- 
basa to provide four berths. Their report recommended the 
provision of a wharf 2,000-ft. long with a depth of 33-ft. at 
L.W.O.S.T. on a site immediately to the north of Ras Kilindini 
and of the then existing lighterage wharf. The proposals included 
the provision of four sheds 420-ft. x 120-ft. and the total cost 
was estimated at about £650,000. However, the advent of the 
first world war put a stop to the project and nothing further was 
done until 1920 when tenders were again asked for, this time 
for the construction of 1,200-ft. of quay and two transit sheds 


the sheds stand was obtained by cutting back the cliff ‘5 a 
distance of 550-it. from the quay tace. 

A certain amount of settlement and movement occurred as the 
load was taken by the wall, the average settlement being 0.” -in. 
and the average forward movement 2}-in. Measurements | ayy 
been taken periodically since completion and no serious mover ent 
of the wall has been evident. 

The quay is 52-ft. 9-in. wide {rom cope to front of the si eds 
and carries three metre gauge tracks and one 15-ft. 0-in. can 
road. The outer crane rail is carried on the concrete cope ind 
the inner rail was originally buiit on 15-ft. x 15-ft. longitudinal 
creosoted pine timbers laid on 3-ft. x 12-in. x 6-in. cross sleepers 
at 3-ft. centres. This timbering has been replaced at various 
dates between 1942 and 1945 by a longitudinal concrete way 
beam. The metre gauge tracks were laid in the first instanc 
on Australian jarrah sleepers but these have all perished and wer 
replaced first by steel sleepers in certain instances and in 1945 
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District Map of Mombasa and Kilindini Harbour. 


only. The scheme was substantially the same as that originally 
proposed in 1913. 


The contract was completed in August, 1926; a further contract 
was entered into in 1926 for two more berths and for one more 
berth in 1929. All five berths were completed by February, 1931. 


The quay wall, which is 2,962-ft. long, is of the solid gravity 
type and is built of coursed concrete blocks of various sizes up 
to 20 tons in weight founded on a mass concrete bed of a mini- 
mum thickness of 2-ft. The concrete in the blocks is in the 
proportion of 5.8 aggregate (graded from 13-in. downwards), 
2.4 sand and 1 cement; sea water was used for mixing. The whole 
wall is founded on rock or hard sand except at four points where 
very fine soft sand was encountered; it was necessary to drive 
sheet piles to retain the sand at two of these points. The concrete 
foundation was deposited in bottom opening skips and the blocks 
were then laid from two 25-ton Goliaths and set by divers 
working on the sea bottom. Open joints were left in the wall 
at the end of Berth No. 2 and at the end of Berth No. 4 to 
allow for movement when the wall was fully loaded. The wall 
is backed with coral rubble and the fill behind the quay on which 


by timber sleepers of Muhuhu (Brachylaena Hutchinsii), a 
timber of the Kenya coast said to be almost everlasting when 
buried underground. 

The quay was originally surfaced in ordinary water bound 
macadam but this was replaced in 1934 and 1935 by a bitumen 
surface. It was feared originally that this might damage cargo 
during the hot season, but this did not prove to be the case in 
practice and the bitumen surfacing has been found to be very 
satisfactory in use. 

Five transit sheds are’ provided, Nos. 1, 2 and 5 being double 
storey and Nos. 3 and 4 single storey. The double storey sheds 
are carried on 14-in. x 14-in. reinforced concrete piles and are 
built of a reinforced concrete framework with brick panels; the 
roof is 18 gauge galvanised corrugated iron carried on steel trusses. 
The single storey sheds are constructed of a steel framework 
carrying 18 gauge galvanised corrugated iron sheeting. Th 
foundations in these two sheds are not piled but the wall stanchions 
are carried on a narrow concrete raft. In all sheds the ground 


floor is detached from the main foundations and consists of 6-in 
concrete slabs laid ‘‘ in situ 
hand packed stone. 


’’ on a well rolled base of sand and 
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Seitlement of the floors nas not been serious although the use of iron wheeled 
barrows in the earlier years caused considerable breaking away of the concrete 
at the joints in the slabs. These were cut out and filled with a mixture of bitu- 
men and stone chipping and no further trouble has been experienced. 

The roof of galvanised corrugated iron was lett untreated until 1933 when it was 
painted with one coat of Ferrobit tile colour paint. This sheeting showed serious 
signs of corrosion at the overlap during the recent war but it was not then possible 
to obtain material with which to renew it and patch repairs had to be carried out. 
The complete renewal of the roofs on Sheds 1 and 2 is shortly to be undertaken 
in corrugated asbestos sheets. Nos. 1, 2, 3 and 4 sheds are 120-ft. wide and vary 
from 400 to 420-ft. in iength, while No. 5 shed is the same width but 506-ft. long. 
A portion of the ground floor of No. 5 shed, covering some 14,000 sq. ft., has 
recently been converted to a cool store capable of holding 1,350 tons of perishable 
products. 

Each berth was originally equipped with one 5-ton and four 3-ton electric level 
luffing cranes, but this has since been added to and the total equipment at all 
berths now consists of one 10-ton, two 7-ton, three 5-ton and twenty 3-ton portal 
cranes. 

Oil, water, electric and telephone cables are carried in concrete trenches along 
the quay. 

A stacking ground 900-ft. x 150-ft. wide with rail access and one 10-ton and one 
5-ton portal electric cranes was constructed behind Sheds 1 and 2 in 1926. An 
additional stacking ground of 165,000 sq. ft. was added behind berths 5 and 6 in 
1937 and 1941, and this has some nine miles of metre gauge railway laid to serve 
the quays and stacking grounds; this track is 80 Ib. B.S. rail on Australian jarrah 
sleepers; the minimum curvature is 300-ft. 

The total cost of the five berths, sheds, stacking grounds, rail sidings, etc., was 
£200,000, or £745 per foot run of wharf. The double storey sheds cost 21/- per 
square foot of floor area, including platforms, and the single storey sheds 14/- per 
square foot of floor area. 

While consideration was being’ given in 1920 to the consulting engineers’ pro- 
posals for the construction of Berths Nos. 1 and 2, a local private company, 
sponsored by certain shipping lines, put forward an alternative scheme for the 
construction of deep water wharves in reinforced concrete piling at Mbaraki, both 
in the main channel and in Mbaraki Creek. This raised a considerable controversy 
in Kenya, and the pros and cons of the two schemes were argued and re-argued 
both in East Africa and in England. A Colonial Office Committee favoured the 
Government scheme and a mass concrete quay sited to the north of Ras Kilindini 
was eventually built as has been described earlier in this paper. 

The Mbaraki Port Company proceeded with a modified version of its scheme 
and built certain wharfage facilities at Mbaraki, which were eventually purchased 
by the Railway Administration in 1927, when the old timber jetties were shortened 
and re-built for use as lighterage wharves. At various times since then odd jetties 
have been added for the purpose of offloading lighters and coal ships. 

Colliers cannot lie alongside any of these jetties and the practice has been to 
moor the ships off shore by two buoys and place two rows of coal barges between 
the ship and the jetties. The coal is then offloaded by the ship’s derricks into the 
lighters, from where it is picked up in baskets by hand labour and carried on shore. 
Lighters working the seaward side of the ship at the same time are towed to 
adjacent jetties where offloading is carried out by steam cranes working grabs and 
loading direct to trucks via hoppers and shutes. 

This method of coal handling is primitive and schemes have been considered at 
various times for either the construction of a steel sheet pile deep water quay with 
cranage facilities or for the mechanisation of the handling methods while still 
retaining small individual jetties. However, the East African Railways have now 
converted their engines to oil burning and abandoned the use of coal and the 
import of this commodity has dropped to a comparatively small quantity. It is, 
therefore, doubtful if any large expenditure on improvements at Mbaraki solely 
for coal traffic is warranted and it remains to be seen if any demand will arise in 
the future at Mombasa for coal for ships’ bunkers. 

The oil jetty at Shimanzi was completed in 1931 and provides a depth of 30 
feet at L.W.O.S.T. The jetty is 223-ft. long with a tee head 45-ft. wide and it is 
flanked on either side by two concrete dolphins 100 feet away from it and joined 
to it by light gangways. The jetty consists of 15-in. x 15-in. reinforced concrete 
beams and decking. *The dolphins are solid structures weighing some 2,000 tons 
each and were built by first driving a rectangular box of steel sheet piling, excavat- 
ing the spoil inside by grab to 33 feet below tow water and filling up with a 7-ft. 
6-in. thick concrete wall around the inside of the piling up to 3 feet below water 
level; the hollow portion inside of this is filled with sand. The portion above low 

‘ater is of similar hollow construction but was built up with timber formwork. 

The face of the jetty is set 18 inches back from the face of the dolphins and 
‘vas originally protected by vertical timber fender piles, each of these being sup- 
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ported by a raking pile driven on a batten of 1 in 23, all being 
completely clear of the jetty. The piles were of jarrah, faced 
with a rubbing strip of Uganda Mvule (Chorophoia Excelsa). 
The dolphins were also provided with fixed mvule fendering in 
line with the fenders in front of the central tee head. 

The intention of this fendering was to protect the comparatively 
lightly built jetty from the impact of ships, but for various 


of contract as well as the plant and supply of material that would 
be required, the latter being very important and difficult probicms 
at that time. 

A contract was negotiated with Messrs. Christiani and Nie:sen 
ot Cape Town for the design and construction of the actual whurf, 
it being decided that the fill, dredging and construction of sheds, 
sidings and roads should be undertaken departmentally. he 


Typical Cross Section through Sheds 1 and 2 
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reasons this has not proved entirely successful as certain ships 
did not in fact bear up against the spring piles in front of the 
jetty before the full weight was taken on the dolphin fendering. 
The spring piles were forced back until the vessels came in con- 
tact with the jetty, which has been quite considerably damaged 
in consequence. Floating fenders, 5-ft. diameter, have now been 
placed in front of the dolphius to overcome this difficulty. Repairs 
to the jetty were made by cutting away the broken concrete, 
cleaning the steel and replacing the concrete with a 1 : 13 : 3 mix 
of selected materials. Increased coverage has also been given 
to the steel. It would perhaps have been preferable to carry out 
the repairs by guniting, but equipment was not available at the 
time. 

Adjacent to the oil jetty is the cased oil wharf which was also 
built in 1931. It consists of a dry stone rubble wall founded on 
a concrete base and strengthened by seven sections built in mortar 
each 5-ft. long. The cope also is built in a 3 to 1 mortar for a 
depth of 2 feet. The wharf is 300-ft. long and ships lie against 
five fender dolphins which are provided at 60-ft. intervals, 15 feet 
in front of the actual wall; the depth of water at low springs is 
10 feet. Two 3-ton electric scotch derrick cranes are provided 
to handle the cargo. There has been some slight silting in front 
of this wharf and periodic grabbing has to be carried out. 


Ships of up to 2,350 tons can be slipped at Mombasa on a 
small slipway at Mbaraki owned by the African Marine and 
General Engineering Company and which was constructed in 
1929 by Messrs. Paulings. The slipway is in a coral cutting 
56 feet wide and the carriageway of four 112-lb. rails is 690 feet 
long on a gradient of 1 in 20. The carriage itself is of an inter- 
esting design and is telescopic and can be used either in a closed 
up position when it is 190 feet long or fully extended when it is 
300 feet long; the hauling engines are two 125 h.p. electric motors. 

Various small slipways also exist for repairs to the Harbour 
Authorities’ launches and smail craft. 


The entry of Japan into the war at the end of 1941 increased 
the Naval demand for facilities at Mombasa and necessitated the 
urgent provision of additional wharfage. It was decided early 
in 1942 that Berths 7 and 8 should be built, No. 6 being omitted 
owing to the doubts which existed regarding foundations condi- 
tions and as time did not allow of adequate investigation being 
made into this. 


The urgency of the demand and conditions due to the war did 
not permit of the employment of consulting engineers, nor was 
it possible to advertise for tenders in the normal way. It was in 
any case unlikely that any firm from England would be able to 
undertake the work at that time and it was accordingly decided 
that a South African firm of civil engineering contractors should be 
asked to undertake the construction. The writer was sent to the 


Union in May, 1942, to discuss the question of design and terms 


departmental work commenced in June of 1942, and Messrs. 
Christiani and Nielsen arrived in Kenya in August of that year 
and work on the construction of the berths was started shortly 
afterwards. 

The total length of wharf is 1,288 feet and consists of a rein- 
forced concrete deck carried on six rows of piles. The first two 
rows are 2l-in. diameter circular piles driven vertically at 10-tft. 
centres. They were cast and driven as hollow piles and filled solid 
with concrete after driving. The middle two rows are 14-in. 
14-in. square reinforced concrete piles at 6-ft. 8-in. centres driven 
at a rake of 1 in 6. The fifth row consists of 20-in. x 15-in. 
reinforced concrete tongued and grooved sheet piling driven 
vertically to contain the fill; the back row is again of 14-in. squar 
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piles. The deck superstructure which is 18-ft. 0-in. above 
L.W.O.S.T. is 67 feet wide and consists of a framework of rein- 
forced concrete beams carrying the reinforced concrete deck. The 
front 21 feet of the deck is above the beams and carries a metre 
gauge track and a portal crane track of 15-ft. gauge, as well as 
trenches for the accommodation of water pipes, oil pipes, electric 
and telephone cables, etc. The central portion of the deck, 28 feet 
wide, is carried below the beams and is filled with earth to a 
depth of 6 feet, the additional weight thus obtained giving resis- 
tance against overturning. Two metre gauge tracks are carried 
on the fill. The rear 18 feet of the slab is again on top of the 
beams and carries the platform in front of the sheds. 
The wharf was designed to carry the following live loads:— 
(a) 4-wheeled portal cranes of 15-ft. gauge with wheel loads of 
40 tons at 18-ft. centres plus 30% impact. 
(b) Three metre gauge railways tracks carrying 18-ton axle 
loads at 4-ft. 6-in. centres plus 30% impact, or alternatively, 
an average distributed load of 4 cwt. per square foot. 
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) A pull of 80 tons on each bollard. 
1) A pressure of 3 tons per lineal foot of wharf on the fenders. 

Permissible stresses used in the calculations were those laid down 
in the Code of Practice (1939) as recommended by the Reinforced 
Concrete Structures Committee. The concrete mix called for in 
the circular piles was 1 : 1.2: 2.4 ‘‘ high grade ’’ concrete, and 
in the square piles 1 : 1} : 3, also ‘‘ high grade,’’ but these were 
varied slightly on the job. The deck superstructure was 
‘ordinary grade’’ concrete of a nominal 1:2:4 mix. The 
percentage of steel in the piles averages 2.87%, and in the super- 
structures 1.54%. The calculated loads on the piles were 110 
and 100 tons per pile on the two rows of circular piles, 50 tons 
on each of the square piles in the third and fourth rows and 90 
tons. on the rear row. 

Ordinary Portland cement from England and South Africa was 
used and the aggregate was black trap (phonolite) brought from 
the Railway Administration’s quarry near Nairobi; sand was 
obtained from the river at Voi. The cost of the very long haul 
of 320 miles for the phonolite aggregate was offset by the advan- 
tage of using an existing organisation where machinery and 
equipment were available. The alternative of re-opening and 
finding plant for the quarries some 20 or 30 miles from Mombasa 
was not feasible in the time available. 

The sheet piling is designed to retain the fill behind the wharf 
and is backed by boulders having a theoretical angle of reposé 
of 40°. The sea bottom falls away in front of the sheet piling 
and in order to increase the passive earth pressure in front of the 
toe, boulders were also tipped on the seaward side of the piling 
at the rate of about 5 cubic yards per foot run of wharf. These 
boulders also serve to protect the toe from scour. 

The first step in the construction of the actual wharf was the 


Typical Cross Section through 


NK Sheds 7 and 8. 

















in 65 teet and were filled through 12-in. square holes in the top 
of the form every 5 feet. Forms were vibrated by electric external 
vibrators, the average time of vibration being 1.5 minutes per 
toot of pile; the maximum slump in the concrete was 2}-in. ‘he 
shuttering was struck after seven days and the piles moved after 
not less than 30 days. When required they were rolled down a 
ramp into the sea and floated to the site on a cradle. 

The square piles were cast in podo timber shuttering and the 
sheet piles in steel forms. In both cases concrete was vibrated 
by electric immersion vibrators and the concrete was required to 
be mixed to a maximum slump of 1}-in. The average time ot 
vibration was 30 seconds per foot of pile. The shuttering was 
struck after 24 hours. The piles were carried to the staging by 
decauville track. 

The circular piles were driven from the ‘‘ Twiga ’’ using a 4-ton 
single acting steam hammer with a drop of 4-ft. 6-in. The piles 
were required to carry a load of 100 to 110 tons and were driven 
to a set of }-in. for ten blows, the calculations for this being 
obtained by the Hiley formula. 

The square and sheet piles were driven from the temporary 
staging by.a universil pile driving frame with a 2}-ton drop hammer 
worked from a diesel winch and trip gear. The square piles were 
criven to a set of 1 inch for 10 blows. The driving of the sheet 
piles to the required set of 1/10th of an inch was a matter of some 
difficulty in a few places as, owing to the sloping nature of the 
bottom, the toe of the pile tended to kick forward on striking the 
harder strata underlying the mud and sand; in certain cases major 
cracks developed in the piles. No difficulty was experienced in 
driving the square 14-in. x 14-in. piles to a set of 1/10th of 
an inch and to a penetration of 22 teet under similar conditions 
and it was a matter for consideration whether 14-in. x 14-in. 
piles should not be substituted for the 20-in. x 15-in. sheet piles 
where the latter would not drive. It was eventually decided to 
reduce the required set, and hence the penetration on the sheet 
piles, to 5-in. for ten blows and to increase the amount of stone 
fill at the front of the toe. 

Following behind the driving of the square piles the formwork 
for the rear 37-ft. of the superstructure was erected on the 
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provision of a temporary staging {rom which the piling could be 
driven and the superstructure erected; work was started on this 
in September, 1942. The piles were driven from the Railway 
Administration’s floating pile driver, ‘‘ Twiga,’’ using a 3-ton 
steam hammer and water jet at the rate of about 12 piles per day. 
The superstructure and these piles carrying the various decauville 
tracks and the formwork for the concreting of the permanent super- 
structure were composed of loca] timber. 

At the same time as the building of this temporary staging was 
in hand work was commenced on the casting of the reinforced 
concrete piles. These were made ina casting yard adjacent to the 
site for the wharves. 

The circular piles were cast in a form made up of a hollow 
cylindrical sheet steel core which was left permanently in the pile 
and an outer cover of timber; the forms were laid to a fall of 7-in. 





temporary staging. This formed a platform on which the steel 
reintorcement was fabricated and the precast portion of the struc- 
ture was cast. As the circular piles were driven the formwork for 
the front portion of the quay was built and reinforcement placed. 
The lower portion of the front column boxes were precast but all 
the rest of the superstructure was cast in situ. The concrete was 
vibrated by immersion vibrators. 

The single storey transit sheds were designed to a temporary 
wartime specification and constructed of podo timber framework 
with 18 gauge galvanized corrugated iron. The front wall of the 
shed is founded on the wharf structure and the balance on either 
Muhuhu (Brachylaena Hutchinsii) timber piles or ordinary con- 
crete foundations, depending upon local conditions. The trusses, 
lattice girders, columns, etc., were prefabricated in Nairobi, railed 
to Mombasa and mixed on site as complete members. 

No. 7 shed consists of 11 bays and No. 8 shed of 10 bays, each 
45-ft. wide and 150-ft. long, giving two sheds 491-ft. x 150-ft. 
and 446-ft. x 150-ft. Each bay is roofed with 45-ft. span Belfast 
trusses carried on timber lattice girders, the girders in their turn 
being supported on lattice columns. 

A platform 15 feet wide is provided on the seaward side of each 
shed and the front of this platform is 50 feet from the quay face. 
Rail tracks are installed inside the shed and the floor consists of 
three inches of ballast well rolled covered with one inch of rolled 
premix. 

An innovation in so far as Mombasa is concerned was the pro- 
vision of eight electric capctans for the purpose of moving trucks 
on the rail tracks in the quay and in the sheds. 
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Mombasa Island—Kilindini Harbour. Lighter Jetty in the fore- 
ground together with Transit Sheds at Berths Nos. 1 to 5. The 
foreground shows the old portion of the Harbour. 


No dredging was necessary at Berth No. 8 but a certain amount 
of work was required at Berth No. 7 and at Berth No. 6. This 
was carried out departmentally by the dredger ‘‘ Thomas Coad,’ 
a bucket dredger of 852 tons, which was hired for the purpose. 
Disposal of the spoil assumed the proportions of a major problem 
as a hopper barge and a tug (both obtained with very great 
difficulty for the job) proved to: be entirely useless and it was 
necessary to devise a locally made chute 60 feet long to dispose of 
the spoil. This worked but necessitated double and sometimes 
treble handling before the spoil was deposited in the deeper waters 
of the harbour. The tetal quantity ot dredge was just over half 
a million cubic feet,’ but due to the factors mentioned the total 
amount of spoil that passed through the dredger was in the vicinity 
of double this amount. The spoil was mainly sand and clay with 
a few coral boulders. 

Considerable trouble was. taken to obtain the optimum propor- 
tioning of the concrete and most suitable water ratio. Absorption 
tests on the phonolite aggregate showed this to be small, the 
average total absorption being 0.10 gallon of water in six hours 
per cubic foot of 14-in. chips or just over 13%. In order to ensure 
that there was no variation in the moisture content of the sand 
this was inundated before mixing: the mixing box being first filled 
with water and then with the sand, the latter expelling the water 
and leaving the same quantity behind in each case. 

Each new shipment of cement was tested in the normal type of 
tensile machine, but no plant was available at Mombasa for the 
testing of the actual concrete. Test cubes were taken at intervals 








A closer view of the Transit Sheds adjacent to Berths Nos. 1 to 5 

The Stacking Ground is behind the Transit Sheds. The trees at the 

back of the Stac king Ground are on a cliff which is approximately 
50 feet above high water level. 


and sent to Nairobi where they were tested in compression, ut 
this was insufficient to enable a close enough check to be kept on 
the concrete, and means had to be devised in Mombasa to ena }le 
this to be done. A “‘ Flexural testing machine ’’ was ma .u- 


factured locally for this purpose and this was designed to br: ak 
small test beams by bending; the test beams were 24-in. long by 


6-in. x 4-in. and one end was firmly held in a clamp fixed t a 
solid block of concrete; the other end was held in a similar cla. ap 
but attached to a lever 6 feet long: attached to the tar end of 
the lever was a spring balance and by loading this until the beam 
broke the weight required to break the test piece was obtained. 
From this the tensile stress in the test piece a fracture was easily 
calculated. By careful comparisons and tabulation of results of 
several tests made by this method and tests made from the same 
batches of concrete on compression cubes in Nairobi, a facior 
was obtained which gave the relationship between the tensile stress 
calculated in the machine and the actual compression stress at 
failure in the test cubes in Nairobi. 

Test cubes were cast monthly—four from each mixer, and ‘cured 
at Mombasa and sent to Nairobi for testing at 7 days and 28 
days. Two test beams were also cast at the same time from the 
same batch and cured under similar conditions and tested in the 
‘ flexural machine ’’ at the same time as the Nairobi tests. In 
addition to these, test beams were taken at intervals of at least a 
week and generally more frequently by flexural testing at Mom. 
basa. By this means it was possible to keep a close watch on the 
concrete not only by result of the tests but by examination of 
the fracture in the specimen beams. Slump tests were made on 
every batch mixed. 

The fixed fendering is of Uganda Mvule (Chloropora Excelsa) 
bolted to the concrete superstructure; floating fenders, 40 feet long 
by 4 feet wide of creosoted pine are placed three to each berth. 
Eight 5-ton electric portal cranes are provided on the two quays. 

Except for the installation of the cranes, which had not e 
arrived from England, and apart from certain minor works, No. 
berth was completed on Ist June, 1944, and No. 7 berth in 
September of the same year. 

A few notes on the cost of the work may be of interest. The 
total expenditure amounted to £480,000, made up under the 
following main heads :— 


1. Temporary works £29,000 
2. Piling—Wharf superstructure £206,000 
3. Sheds £30,000 
Other buildings £11,000 

5. Railway sidings and roads ca £22,000 
6. Earthworks, fill, a etc. £25,000 
7. Dredging £23,000 
8. Machinery, cranes ‘and electricity £129,000 
9. Miscellaneous £5,000 
£480,000 





Of this £235,000 was undertaken departmentally and £125,000 


by the Contractors and the balance of £120,000 represents the 


cost of cranes and equipment. This is equivalent to £373 per foot 
run of wharf, including sheds, sidings and all equipment and 
facilities. 

Concrete cost Shs. 12/53 per cubic foot in the piles and Shs 
9/66 per cubic foot in the superstructure, including the cost of 
temporary staging and formwork. Actual driving of piles worked 
out at Shs. 1/45 per cubic foot of concrete. The cost of the sheds 
was Shs. 3/60 per square foot, including the platform area, o1 
Shs. 4/28 per square foot of actual storage area. Temporary 
housing in wattle and daub with mkuti roofs was provided for staff 
at a cost of Shs. 4/60 per square foot of floor area. This price 
included normal fitments. 

The work was carried out under the direction of Mr. V. B. 
Atkinson, C.B.E., A.M.I.C.E., Chief Engineer of the Kenya and 
Uganda Railways and Harbours. Mr. E. G. Richardson, 
M.I.Struct.E., was Resident Engineer with Mr. T. Davidson as 
his chief assistant. Messrs. Christiani and Neilsen were repre- 
sented by Mr. O. Bentzen. I have to express my thanks to Mr. 


Davidson for much of the detailed information contained in the 
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The Port of Mombasa— continued 


poition of this paper referring to the construction of Berths Nos. 
7 and 8. 

fraffic passing through Kilindini has increased at a steady rate 
since the opening of the Port in 1896. The amount of traffic in the 
early days of the century is not available, but the following figures 
of total tonnage of imports and exports per annum give an indica- 
tion of the increase since the first world war. 


1915 81,000 tons 1935 970,000 tons 
1920 128,000 tons 1940 1,394,000 tons 
1925 499,000 tons 1945 1,681,000 tons 
1930 742,000 tons 1948 2,325,000 tons 


The breakdown of the more recent figures of these into imports 
and exports may perhaps be of interest :— 





1939 1940 1948 

imports General Cargo 256,000 530,000 876,000 
Bulk Oil 10,000 211,000 449,000 

oe > onal 108,000 117,000 148,006 
Total Imports 374,000 $58,000 1,473,000 
:xports General Cargo cou 368,000 471,000 686,000 
- Bulk and Bunker Oil _ 53,000 143,000 

me Bunker Coal so _ 12,000 23,000 
Total Exports 368,900 536,000 $52,000 
GRAND TOTAL 742,000 1,394,000 2,325,000 





The numver of ships calling at Kilindini has not increased to 
the same extent as the quantities of cargo handled; this is accounted 
for by the increase in the number of vessels actually loading cargo 
in comparison to the total number calling. 

Number of Aggregate 


vessels. tonnage. 
1908 Bis oan ra 255 738,000 
1919 Ae, ae oe 209 416,000 
1930 hi - 663 1,903,000 
1940 7 sabia sds ; 
1948 “a 806 2,433,000 


The old port oi Mombasa is not neglected and all dhow traffic 
still passes through there: the average number of dhows now 
calling at Mombasa in one year is xbout 1,000 to 1,400, and a not 
inconsiderable trade is done along the East African Coast and to 
the Persian Gulf. 

The tonnage passing over the Deep Water Quays per foot of 
quay wall reached its peak in 1941, when the figure was 471. This, 
of course, was before Berths 7:and 8 were built. 

The addition of these berths had the effect of reducing the ton- 
nage per foot per quay, but in 1948 it had reached 373 and is 
again generally approaching the previous peak figure. This figure 
is by no means the capacity of the port but the second approach 
to it, coupled with the continuing expansion of East African trade, 
is an inclination that the time is not far distant when the question 
of port extention will have to pass beyond the stage of preliminary 
planning and will become a live issue. 

In the original proposals for Mombasa a long range scheme 
for the construction of 24 berths was tentatively suggested and 
this envisaged the construction of eight berths on the alignment 
of the present quays followed by the development of the port 
to the south of Ras Kilindini and the building of wharfage to 
provide a further 16 berths in that direction. This proposal had 
many advantages, but it necessitated the dredging of Kilindini 
Bay, a possible permanent commitment, and confined the develop- 
ment of the docks to the small area of the island. Subsequent 
experience has shown that Mombasa Island cannot hold all the 
requirements of a major port and that one of the first endeavours 
f future planning must be to spread industry on to the adjacent 
nainland. An extension of the docks to the north and west 
‘long the shores of Port Heitz has been suggested and this would 
eem to be the solution for the future expansion not only of the 
harbour but also of the industrial, commercial and _ residential 
ireas of the town. 

To carry out this proposal would require the levelling of the 
high ground at Kipevu and the reclamation of the area between 
\[acupa causeway and the present oil berth and it would introduce 
nany problems in the engineering field. 


The chief of these is probably the question of silting. When 














Macupa Causeway carrying the rail and road connections to the 
mainland. Mombasa Island is on the left Note the pipelin 
running parallel with the Causeway 


Mombasa was ar island and was connected to the mainland by 
the .atd- Salisbury Railway Bridge no silting was evident in the 
Macupa Straits. This bridge was replaced in 1929 by a solid 
causeway carrying both rai] and road, but with an opening of five 
60-ft. spans. Doubts were expressed then on the results of the 
partial closing of this channei, but no effects were particularly 
noticeable. During the second world war the bridge was removed 
for strategic reasons and the Macupa Straits are now effectively 
blocked by a solid embankment. Silting on both the Port Tudor 
and the Kilindini sides is becoming apparent. The silt with which 
the bay between the causeway and Shimanzi is gradually being 
filled can only come from the Mwache River which flows into 
Port Reitz. If this bay is reclaimed there is an obvious danger 
that the silt will be deposited somewhere 1 the harbour and 
possibly in the right angled bend where Port Reitz joins the main 
harbour. Kilindini as a port has been fortunate in the past in 
that it has no dredging problems to consider and when future 
extensions by way ot closing the gap between the oil jetty and 
Kipevu are considered the possibility of heavy expenditure on 
permanent dredging cannot be overlooked. 

There are many facets of the organisation and working of the 
Port of Mombasa which it has not been possible to include in this 
short paper; suc things as pilotage, maintenance of marine craft, 
harbour and coastal ijights, and cargo working, to mention but a 
few, are matters that would be of great interest, and 1 hope 
that some other member of the Association will be able to com- 
plete this brief picture of East Africa’s major port with some 
details of the many items of interest that have had to be omitted 
from this paper. 





Mcmbasa Island, Shimanzi Oil Installations. Sheds Nes. 7 and 
may be seen in the left foreground 
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Repairs to Linton Lock 


The follow.ng brief particulars of the restoration to use of a 
lock on the Yorkshire Ouse, which has been inoperative for some 
time, were recently published. This lock, situated at Linton-on- 
Ouse, some seven miles north of York, forms a connecting link 
between the waterways of the north and south cf England. 
Formerly, a certain amount of commercial traffic was carried, but 
recently, pleasure craft have predominated. The volume, actual 
and potential, of this has increased appreciable of late, and still 
grows. There are some 50 power driven craft owned by members 
of the Ripon Motor Boat Club and the North-Eastern branch of 
the Inland Waterways Association, in addition to craft owned 
by non-members of these bodies, making constant use of the adja- 
cent navigable waters. With this lock in operation, craft are 
able to pass freely between Ripon in the North, and all parts 
of the Midlands and South. 

Until recently, however, the lock was out of use, extensive 
leaks being known to exist in the floor of the chamber, while one 
of the gates had sunk and was inoperative. Further, owing to an 
almost complete cessation of traffic during the War years, the 
resources of the Linton Lock Commissioners, a non-profit making 
body, had reached a very low ebb, and when the defect in the 
lock developed, the Commissioners found themselves unable to 
meet ihe cost of repair. Appeals were made to various official 
bodies, but as no assistance, either in money or material, was 
forthcoming, and.as there appeared to be every prospect that the 
Lock would fall into permanent dereliction, the raatter was brought 
to ihe notice of the North-Eastern brench of the Inland Water- 
ways Association, who thereupon launched an appeal in the local 
Press and in Motor Boating Journals for financial assistance. Con- 
tributions were received from Boat Ciubs, the Inland Waterways 
Association, local Commercia] interests and many individuals over 
a wide area. 

After consultation with the Linton Lock Navigation Commis- 
sioners it was decided to attempt remedial measures. The original 
intention was to examine the lock and carry out any necessary 
work in the dry, behind the protection of a steel dam; designs 
were prepared and tenders invited. The cost, however, proving 
prohibitive, on the advice of the Consulting Engineer, it was de- 
cided to attempt to trace and seal the leaks, also to raise and reseat 
the defective gate by diver. Messrs. Siebe Gorman & Co., Ltd., 
the well-known diving experts, co-operated, and operations com- 
menced and finished during August. 











Diver Descending to Inspect Floor of Lock Chamber. 


In addition to the serious holes and cracks in the floor and 
apron near the lower gates, a crevice some 6-ft. long, with an 
average depth of 2-in. was found at the junction of the wall and 
floor. The holes and cracks in the floor of the lock chamber 
widened and deepened considerably underneath to a depth of 
about 6-ft. Grouting tubes were inserted before the deposition 
of concrete by bag and tremie had progressed very far, nine tubes 
being used. At the end of each day any tube or tubes that had 
been used were withdrawn, washed out, and replaced by the diver 
next morning. In this way successive layers of grout were placed 
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without disturbing the lower layers and without using a new } 9e 
each day. 
The grout was inserted by a hand operated grouting machine in 
conjunction with a diesel driven compressor. The pressure v-»d 
was always just below the point which caused the grout to bl 
At the commencement this was about 50 lbs. sq. inch, the jost 
stages being carried out at about 10 Ib./sq. inch. Four tubes with 
their ends capped have been left in position for future used, if 
on oe. A total of about 70 tons of concrete and grout were 
used. 








Concrete Deposition by Tremie. 


The subsoil of the lock is of a sandy nature and there is some- 
times 21-ft. of water on the sill. With subsoil of this nature, it 
is not difficult to account for the size of the cavities beneath the 
floor. 

Although it was not expected that the results obtained in this 
way would be as effective, or as permanent, as would have been 
the case had it been possible to carry out the work in the dry, the 
operations seem to have been successful, and the lock is again in 
use. The cost of the work of repair was under £1,000, and about 
half of this amount has been raised by the Appeal, which is still 
open to receive further contributions. 

The work done has made it just possible to operate the lock, 
and to arrest further erosion, but some small leaks still remain, 
and some dredging, etc., is required before full normal traffic 
can be safely resumed, and this will probably require a further 
£200 or £300. 

The Consulting Engineers under whose advice the work was 
sanctioned and carried out wefe Messrs. Cyril Boucher & Partners 
of Birmingham, while Messrs. William Birch & Sons, Ltd., of 
York, were the General Contractors. 








LIGHTER PORT FOR HAIFA. 

Plans are being prepared and work is expected to begin next 
spring on a new lighter port at the mouth of the Kishon River, 
in Haifa Bay. The mouth of the river will be dredged and the 
new port will be connected with the sea by a canal three kilo- 
metres long, 50 to 70 metres wide and five metres deep. 

Lighters, schooners and ships up to 1,000 tons will be able to 
enter the canal and take goods to the industrial zone and farther 
inland. The new port will relieve traffic in Haifa port, and also 
will be used for storage of goods in transit, goods for re-export, 
and for a free zone. 


CONSTRUCTION OF VOLGA-DON CANAL TO BE ACCELERATED. 

A recent announcement from Moscow stated that it has been 
decided to reduce by two years the period for the construction of 
a shipping canal joining the Volga and Don rivers. The 70-mile 
canal, which will irrigate the semi-desert lands of the Rostov 
and Stalingrad regions will now be completed next year. The 
canal was started before the war, and after interruptions, work 
was resumed three years ago. It will connect Stalingrad with 
Kalach, and will have 13 locks, three dams and pumping 
stations. The plan for linking the Volga with the Don was 
designed to complete a shipping communication system joining 
water transport of the Caspian and White Seas with those of the 
Azov and Black Seas. 
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The Tides and Drainage 


Their influence upon Land and Sewerage Outfall Design’ 





By JOHN T. CALVERT, 


RAINAGE consists of the removal of sewage and surface 

water from the land and its ultimate disposal in a proper 

manner. If the place of disposal consists of a body of 

water subject to tidal influence our work is affected in 
two separate and distinct ways; firstly, in the public health con- 
siderations which arise, and secondly in the hydraulic problems 
which are presented. 

I propose to deal first with the hydraulic question which may 
perhaps be regarded as an exaggerated example of a very ordinary 
problem. Hydraulically, the simplest case of drainage occurs 
where the outlet is inte a canal which maintains a constant level 
and given the rate of discharge to be dealt with the selection of a 
suitably sized pipe requires merely a reference to the correct tables. 
Very little judgment is needed except perhaps in the selection of 
the tables. Such cases are rare, although I can cite one in Ireland, 
but the next stage consisting of the discharge into a watercourse 
which is subject to changes in level due to variation of flow is 
the most common of all drainage conditions. In this country, 
however, where such conditions obtain it is generally possible to 
design the outlet pipe with its discharge above the maximum anti- 
cipated flood level and in this way avoid hydraulic complications 
iesulting from a surcharged outiet. 

When, however, we consider an outfall into the sea we are 1mme- 
diately confronted with the fact that on amenity grounds, to which 
I shall refer later, the outlet is below low water and at high tide 
it is submerged to the extent of the tidal rise with a consequent 
reduction in the carrying capacity oi the outfall pipe. Simul- 
taneously, we find that in coastal towns there is generally an area 
which has to be drained which lies at a level very little above that 
of high water. Consequently we have available only a limited 
hydraulic head and with a combined drainage system we may 
have to discharge large volumes of storm water for a considerable 
distance. The theoretical soluticn of this problem on paper is 
simple but it would demand in many cases a pipe of such large 
dimensions that its application in practice would be economically 
impossible. In such a case it is necessary to use a little common 
sense or what might also be called engineering skill and judgment 
to determine what risks can reasonably be taken. In my opinion 
it is unreasonable to design a sea outfall to cater for a maximum 
intensity of rainfall coincident with an exceptionally high tide and 
although I may be corrected by the lawyers 1 doubt whether a 
Local Authority could be considered negligent for not having done 
sO. 

An example of such a situation arose in the design of an outfall 
into the River Mersey for the Rimrose Brook Joint Sewerage 
Board, which is responsible for the drainage of part of Bottle and 
neighbouring districts where serious flooding has occurred in the 
past owing to the inadequancy of the single outfall which has 
recently been duplicated. 

The height of the tide on any particular day can be predicted 
and such predictions are published in the nautical almanacs but 
it is not always realised that the wind can cause variations of 
several feet from the published figures. At this Mersey outfall 
the predicted highest tide is approximately seventeen feet above 
ordnance datum but tides have been known to occur with parti- 
cular wind conditions about two feet higher. Nevertheless, the 
outfall was designed to discharge the maximum calculated run-off 
with a tide level of fifteen feet above O.D. In effect this means 
that when the area is fuily built up a rainfall of the maximum 
intensity allowed in the calculations will cause flooding at any 
time when the tide rises above 15.0 O.D. Even so, the outfall 
is ten feet in diameter and to design for the worst known conditions 
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would have added to the size and enormously to the cost. It must 
also be borne in mind that at times of low tide the outfall has a 
large reserve capacity capable of dealing with storms of greater 
intensity than are normally allowed in run-off calculations. This 
outfail has not been in operation sufficiently long to determine by 
experience how trequentiy peak rainfall coincides with an excep- 
tional tide and in any case the area is not yet fully built up, but 
I consider that it would be most wasteful of public money to design 
against any worse conditions the occurrences of which must be 
extremely rare. 

The straighforward gravitational outfall described above is the 
simplest and probably the most common method of draining a 
coastal town but there are many places to which it is not appli- 
cable for hydraulic quite apart {rom amenity reasons and other 
expedients must be adopted. Pumping is the first which comes 
to mind and must be employed when the selected point of outfall 
is so distant and the area to be drained so little above high tide 
level that the hydraulic gradient available is so flat as to make 
the necessary outfall pipe prohibitive in cost on account of its 
size. Another reason tor pumping may be that the desirable 
gradients on the sewers result in the point of concentration being 
below even low tide level and a free flow would then be unobtain- 
able. Lastly, pumping may be necessary for purposes of treat- 
ment which, however, is a question of public health rather than 
hydraulics. For reasons of both capital and annual costs pumping 
is undesirable and should be avoided if possible but where it is 
inevitable it tends to lose interest insofar as the subject of this 
paper is concerned. While there are problems connected with the 
design of pumping machinery working against a variable head, 
in general when pumps have to be installed the additional cost 
of lifting to the level of the highest known tide is negligible and 
the scheme becomes independent of the tidal variations. 

Apart from pumping another interesting expedient which can 
be adopted as an alternative to the common gravitational outfall 
is the use of storage. This system is one which from the hydraulic 
angle has practically no application in drainage problems apart 
from its use in schemes draining into tidal water although it has 
many applications in relation to amenity and public health. It 
is encountered in land drainage schemes in a particularly interesting 
manner where the land is below high tide level and while I have 
been doing a certain amount of work in the Fen district recently 
I have been amazed at the levels of the ground much of which 
is near and even below ordnance datum; extremely large areas 
are below high tide level and the appearance of a fifty-foot contour 
on the ordnance sheet is most rare. Although some of the largest 
pumping stations in the world are to be found in this district 
yet it is surprising how large are the areas which are drained 
satisfactorily without mechanical aid. A common practice in the 
Fens is to construct a relatively wide open channel which serves 
not only to convey the surface water but also as a large storage 
reservoir. These dykes discharge into a tidal river and at their 
outlets are fitted with tidal gates which automatically prevent the 
ingress of water from the river. When the tide rises to the level 
of the water in the dyke the gates close and thereafter the run- 
off is stored until, on the ebb, the gates open again and the whole 
of the stored fluid flows away. 

King’s Lynn is a case in point where large areas of agricultural 
land are drained by this means in spite of being less than ten feet 
above ordnance datum compared with a normal high spring tid 
of sixteen feet above O.D. This town is also of interest to the 
Sanitary Engineer by virtue of the fact that the sewage and rain 
water of the built-up area is discharged to the river by the sam« 
method, namely by reliance on storage and tidal gates in spite of 
its low elevation. The necessary storage is provided by means 
of a large barrel outfall sewer but additional capacity is available 





276 THe Dock AND HARBOUR AUTHORITY 





January, 1951 


The Tides and Drainage—continued 


throughout the whole sewerage system which becomes surcharged 
at hign tide. The sewers are of ample size to carry the maximum 
rate of run-off at low tide but when a high intensity storm coincides 
with a tide locked outtall some flooding of the lower parts of the 
town can occur. As in the example of a gravitational outfall not 
relying on storage referred to above, I take the view that it is not 
economical to provide such large storage capacity that complete 
absence of flooding can be guaranteed even under freak conditions. 

The above notes cover the main hydraulic problems connected 
with a discharge into tidal water and can be summarised as a 
choice of gravitational flow, pumping or the provision of storage 
combined with tide gates or flaps. These same problems recur 
but are affected by numerous other factors when we come to con- 
sider the public health and amenity aspects of tidal discharge 
with which I propose to deal in the remainder of this paper. 

In the sphere of drainage, the object of the sanitary engineer 
is to dispose of the sewage of the community as economically as 
possible and in such a way as to cause neither nuisance nor danger 
to health. Sewage treatment by dilution is well known as the 
most economical method of disposal and provided adequate dilu- 
tion is available so that natural purification processes can operate 
satisfactorily no nuisance or danger is caused. It is rare in this 
country to find a river large enough to be unharmed by the dis- 
charged of crude sewage but coastal towns obviously have ample 
scope to adopt this system. It is, however, essential to use the 
tides to the best advantage when discharging crude sewage to sea. 
While there is sufficient water for dilution to produce ultimate 
purification there is always a possibility of nuisance or danger to 
health before oxidation has taken place if the correct conditions 
of discharge are not selected. 

As a result of the rise and fall of the tides there is created a 
tidal current around our coast which changes its direction four 
times a day with the tides and this movement of the water not 
only causes admixture with large volumes of sea water but also 
can ensure that the sewage is not returned to any recreational 
beach. As the tide ebbs and flows up and down the coast definite 
currents are formed and the first essential in fixing a point of out- 
fall is to test the currents by means of float observations. 

A brief description of the method of making such tests might 
be interesting but of course before embarking on any experiments 
one must choose a point to start and the most obvious choice is a 
well-defined headland. Here there tends to be a stream out to sea 
and if the sewage can economically be discharged near the point 
of the headland it is generally but not always satisfactory. In 
carrying out float tests, well-submerged floats are placed in the 
water at approximately hourly intervals at all states of the tide 
and are followed in a boat. At intervals the position of the float 
is fixed by taking bearings off fixed points on the land, the course 
can then be plotted on a chart. The tests must extend over both 
spring and neap tides as marked variations in conditions can 
occur with the gradual change. Note must also be made of the 
wind and weather, as a strong wind causes surface currents which 
carry the floats and it is for this reason that the bulk of the float 
should be well into the water so as to minimise this effect as far 
as possible. In our office we generally plot the ebb and flood floats 
in different colours and from an examination of the charts it is 
possible to ascertain whether the point originally selected can be 
safely adopted for an outfall or not. 

I do not want to discuss in detail the construction of sea outfalls 
as that hardly comes within the subject of this paper, but I should 
like to describe the outfalls at Folkestone, which are of a some- 
what unusual form. The discharge is at Copt Point to the east 
of the town, and float tests have shown that it is generally satis- 
factory for a continuous discharge at all states of the tide. The 
end of the outfall is, however, well out to sea and as the town is 
sewered on the combined system it would have involved a most 
expensive construction to convey the peak rate of run off to its 
extremity, especially at high tide. It was therefore deided to 
make a compromise which was achieved bv the construction of 
a chamber on the foreshore containing multiple weirs set at diffe- 
rent levels. All the sewage and storm water enters the centre of 


the chamber from which a 30-inch diameter outfall extends to the 
ideal point of discharge and whatever the state of the tide the 


whole of the flow in dry weather passes through this outfall. Wiaca, 
owing to rainfall, the run-off exceeds the capacity of this outt: |] 
which naturally depends on the state of the tide, the sewage ri-.s 
in the central chamber and spills over the first weir into a seco.d 
chamber which is connected to a shorter outfall discharging at 
low water mark. Finally, under exceptional conditions when pe.:k 
storms coincide with high tide the combined capacity of both ouc- 
falls is exceeded and the liquid rises to a second weir and is 
discharged through openings in the side of the weir chamber itse:f. 
By this means the expense of a long and large diameter pipe is 
avoided and by taking advantage of the tides the arrangement 
ensures that sewage is always discharged into a depth of water 
and obtains adequate dilution. 

This example is one where we have a point of outfall which is 
suitable for discharge on both ebb and flood tides but quite fre- 
quently the float observations show that material discharged on 
the ebb may tend to be washed ashore whereas on the flood :t 
is carried well out to sea or vice versa. The method of dealing 
with this problem is by the provision of holding-up tanks which 
exist at a large number of our coastal towns. These tanks store 
the sewage during the unfavourable tidal periods and are opened 
so as to discharge the whole contents during the remainder of 
the tidal cycle. An interesting hydraulic problem arises in the 
determination of the correct size of pipe to discharge a given volume 
with a falling head in the tank against a varying tidal level but 
the solution can safely be left to mathematicians with plenty of 
time and patience. 

A particular and most effective application of holding-up tanks 
is in use at Portsmouth, which lies on an inland tidal harbour. By 
virtue of the large area of the harbour there is a very strong 
current through the ‘‘ Narrows,’’ joining it to the sea as the 
tide rises and falls and the sewage is collected in storage tanks 
and discharged into the stream on the ebb and is thus mixed with 
a large volume of water and carried well out to sea. 

For the majority of coastal towns a satisfactory point of outfall 
is available either with or without storage tanks but there are 
some stretches of the coast where the tidal currents are not so 
pronounced or where there is a tendency for them to carry sewage 
landwards under al] tidal conditions particularly with an un- 
favourable wind and in such cases very careful consideration is 
required as to the best means of disposal to adopt. One possibility, 
if the nature of the beach makes such g sclution economical, is 
to extend the outfall so far that purification has taken place before 
the sewage reaches land and this can be combined with screening 
or disintegration so as to remove the grosser solids which are less 
readily purified by dilution. Some cases, however, demand even 
more drastic ireatment, as for example, at Clacton, where settle- 
ment tanks have been constructed prior to sea discharge, or at 
Southport, where a further stage of purification, namely filtration, 
has been installed, and of course it is these numerous possibilities 
in the somewhat exceptional cases which make the subject so 
fascinating. 

While I have noted above the hydraulic and public health 
problems of discharge to the sea, it would be a serious omission 
in a paper on this subject not to refer to the question of tidal 
estuaries especially as it presents some of the most controversial 
aspects of sewage disposal and I believe some of the most anoma- 
lous conditions in the whole of our field. 

An example of such an anomaly which immediately comes to 
my mind is the contrast between the discharge of crude sewage 
at Warrington into the head of the tidal waters of the Mersey, and 
the discharge from Mogden into the head of the tidal waters of 
the Thames, of a fully purified effluent of which any Authority 
would be proud. Between these extremes, even on the Thames, 
there are many intermediate degrees of treatment ranging through 
plain sedimentation and sludge removal at the West Kent Works 
and partial oxidation at Dagenham and Gravesend. 

Similar conditions obtain on the Severn and the Humber, where 
both Gloucester and Hull at the present time discharge crude 
sewage into the estuaries, although we are at present engaged on 
the design of settlement tanks for the former city. 

This vexed question of the degree of treatment necessary in 
tidal estuaries cannot in my opinion be settled by any broad gene- 
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The Tides and Drainage—continued 


ralisation, as each case must be considered on its merits by reference 
to the particular case. I do feel, however, that the problem might 
be treated somewhat more logically as between one estuary and 
another if, as recommended by the Royal Commission on Sewage 
Disposal, there were a Central Authority prescribing standards for 
difierent conditions. The bodies such as the Thames Conservancy 
Board, the Lancashire Rivers Board and the West Riding of York- 
shire Rivers Board, having the prevention of pollution as a major 
pre-occupation have no jurisdiction over tidal waters, and in the 
tidal reaches the responsible bodies are generally the Dock or 
Harbour Authority, of whose work pollution prevention forms 
a much smaller part. Consequently, the necessity to treat is not 
invariably considered from an entirely scientific viewpoint and I 
believe there are cases where an agreement to carry out works has 
been conceded in Parliamentary negotiations as a quid pro quo 
for some concession by the other side. 

The Water Pollution Research Board carried out an investigation 
of the Mersey Estuary and reported that the discharge of crude 
sewage has no appreciable effect on the deposits on the river bed, 
but I think it is not always realised that their report was not in- 
tended to and did not give any regard to public health considera- 
tions and from this point of view, although I have my doubts, 
they might have reached a different conclusion. 


Although as I have stated conditions vary so much that each 
case must be considered individually, my view is that for the dis- 
charge into an estuary one should start from the assumption that 


Notable Port. Personalities 


No. LXII--—Mr. Leander L. Shelley 


At the thirty-ninth annual convention of the American Associa- 
tion of Port Authorities, which was held in San Francisco, Cali- 
fornia, early in October last, Mr. Leander I. Shelley, General 
Counsel of the Port of New York Authority, was elected President 
of the Association for the ensuing year, in succession to Mr. 
Arthur H. Abel whose year of office expired at that meeting. 

Mr. Shelley was born in New London, Connecticut, and after 
graduating from Cornell University at Ithaca, New York, in 1917, 
spent three years in the Army during the First World War, serving 
overseas in the American Expeditionary Force in France and in 
the Army of Occupation. In 1920 he was admitted to the Bar 
in the State of New York and became associated with the firm 
of Medina & Sherpick, eventually becoming a partner. 

In 1926 he joined the law staff of the Port of New York Autho- 
rity, which at that time consisted of only three lawyers, but which 
has since increased ten-fold, owing to the great expansion of legal 
work connected with the Authority. 

Mr. Shelley became General Counsel of the Port of New York 
Authority in 1942 and throughout his career at the Port, has been 
engaged in practically every type of law work which could arise 
in connection with an organization of this nature. He has, for 
example, drafted practically every statute relating to the Port of 
New York Authority which has been adopted since 1926. They 
form a large volume of over 600 printed pages. He devised the 
standard form of contract which is used in the Port’s construction 
work, and which has been copied by a large number of public 
bodies in the U.S.A. He also drafted the basic resolution which 
constitutes a contract with the Authorities’ bondholders, upon 
which all the financing of the Port since 1932 has been based. 

With respect to the American Association of Port Authorities, 
Mr. Shelley has been, active in that organization for many years. 
He drafted the ‘‘ Canons of Ethics ’’ which were adopted by the 
\ssociation in 1934 for the guidance of port officials, and has been 
General Counsel of the Association and Chairman of its Law and 
Legislation Committee since 1940. Among other work on behalf 
if the Association, he appeared before the Supreme Court of the 
United States in the case of United States v. California, which 
irose out of the so-called Tidelands controversy. This involved the 


sedimentation is desirable and make more stringent requirements 
or relax them according to the circumstances. 

Under the present national need to restrict capital expenditure, | 
am sure it will be very many years before such schemes will be 
initiated, but should sedimentation be enforced in towns which now 
have a large number of crude sewage outlets into tidal water, a 
new problem arises which I have encountered at Warrington, and 
hope that I am now in process of solving. 

That Borough has decided to instal sedimentation tanks to treat 
the sewage now discharged to the Mersey through a number of 
cutlets which at times of high tide are submerged. The sewage 
has to be pumped and for obvious reasons it is not desired to 
take more than six times the average dry weather flow into the 
proposed intercepting sewer carrying the sewage to the pumping 
station. Owing to the submergency of the outfalls at high tide 
a normal storm overflow weir is out of the question and it is conse 
quently proposed to take off the sewage through a float or electri 
cally controlled module pipe and at the same time fit tide flaps to 
the outfall pipes to prevent river water entering the sewers at high 
tide. In this way all flows up to the capacity of the module will 
be intercepted but in times of storm or high tide the sewers will 
back up until the excess flow is forced out through the tide flaps. 
This seems on paper a reasonable solution but a controlled module 
is somewhat expensive and any suggestions as to a cheaper method 
of achieving the same result would be most welcome. 

(Excerpts from the Discussion which followed 
this Paper, will be published next month) 


question of the ownership of submerged lands along the U.S. 
coast within the three mile limit, a matter which has been in dis- 
pute between the Federal Government and the several States for 
the past ten years, and which is still in dispute. He has also 
represented the Association on Congressional hearings in the same 











LEANDER I. SHELLEY 


President, American Association of Port Authorities 


connection on a number of other occasions, besides appearing 
before Congress or Federal Administrative Agencies with respect to 
matters affecting the relationship between the Ports and the Federal 
Government. 

Since the Port of New York Authority was the First of its 
type in the U.S.A., Mr. Shelley has had occasion to advise an! 
assist in the creation of a number of similar public authorities, some 
in connection w'th ports and some in other fields. 
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Radar for Shipping in U.K. Harbours 


Experimental Station Installed at Sunderland 


An experimental radar station for shipping, using radio telephony 
for communication between ships’ pilots and the shore, was re- 
cently opened at the Port of Sunderland by the Minister of Trans- 
port, the Rt. Hon. Alfred Barnes, M.P. 

The experiment is the outcome of an approach by the Ministry 
of Transport to the River Wear Commissioners, and is part of a 
general investigation by the Ministry into the possibilities of using 
shore-based radar as an aid to shipping in or near United King- 
dom harbours. The types of shcre-vased installation at present 
in use include the elaborate specially-designed system necessary 
for the port of Liverpool with its 14 miles of narrow channels, and 
the installation which consists basically of a standard marine set 
as is now working at Douglas, Isle of Man. A similar set was 
also in use at Wallasey to assist the Mersey ferries, but this in- 
stallation has since been substantially modified. 

Sunderland has been chosen as the first general port to use a 
radar set designed basically for operation on board ship. Whereas 
much of the traffic at Douglas, Isle of Man, consists of passenger 
ships on regular schedules, Sunderland has a big volume of 
general shipping. The nature of the harbour and its approaches, 
the pilotage arrangements, and weather conditions were also 
factors in selecting the port as suitable for the experimental 
station. Unlike Liverpool and the Mersey, Sunderland appears 
to have no navigational features with which a marine radar, built 
to comply with the Ministry’s specification, cannot adequately 
deal. The port is compact, rather difficult to find in bad visibility, 
and has dangerous hazards both north and south of the harbour 
entrance. 

From the Pilot House, in which the radar equipment is in- 
stalled, an unrestricted view can be obtained of all approaching 
shipping, and as most large ships dock immediately inside the 
harbour entrance they can be followed by the radar right up to 
the dock gates. It may be possible, even in the thickest fog, to 
bring a ship into dock or to mooring buoys, and it should cer- 
tainly be possible for the pilots in their cutter to find, by means 
of their radio-telephone link with the radar operators, ships 
waiting to enter port. 

Sunderland will be the first radar station to be operated by local 
pilots instead of by specially-employed observers as is the case 
at Liverpool and Douglas. 

Communuication between the radar station, the pilot cutter, 
and the pilots when they board ships will be by means of a two- 
frequency V.H.F. (very high frequency) radio telephone 
channel. The base transmitter at the Pilot House will use a 
frequency of 163.1 mc/s. The transmitter in the pilot cutter and 
the mobile transmitters (walkie-talkie apparatus) which the pilots 
will carry with them on board ships will both use a frequency of 
158.6 mc/s. The equipment will be used only for communicating 
navigational information to ships or within the port area. 

A further point of interest in the installation at Sunderland is 
the provision of a second radar display to enable a group of 
Ministry and Admiralty research scientists to carry out full-scale 
tests and experiments, including the identification of harbour craft 
and shipping 

The main function of shore-based radar is to help maintain 
normal shipping movement in conditions of fog or bad visibility. 
To a lesser extent shipborne radar is capable of doing this. There 
are cases on record of radar-fitted ships finding their way to their 
berths, ir conditions of dense fog, entirely by their own radar. 
Generally, however, masters of vessels will not commit themselves 
to a navigation channel in such conditions because they are un- 
aware of what hazards they may meet once they are under way. 
To maintain the flow of shipping, it is necessary to provide all 
ships, whether radar-fitted or not, with such navigational informa- 
tion that vessels which would hesitate to proceed will be 
encouraged to do so, and those which would continue in any case 
will proceed with more confidence and in greater safety. 

A shore-based radar installation is not intended to be used in 
any form for ‘‘ control ’’’ of shipping in the navigational sense. 


January, 1£51 


The master remains in sole control of his vessel and mer. ly 
receives information from the operator of the radar set. : 


RADAR EQUIPMENT. 

The radar equipment, which is Kelvin Hughes Marine Racar 
Type la Series 2, comprises the standard units as provided ‘or 
shipboard installation. The aerial system (Scanner Unit) jis 
mounted at the top of a 50-ft. lattice tower and wave-guide 
is ran to the Transmitter Unit mounted on the ground floor of 
the building; the tower also carries the antennae of the fixed con- 
munication equipment. 

The operational Display Unit is located in the Control Roum 
and the console is flanked by chart tables which also carry two 
G.P.O. type handsets for the radio communication. 

The equipment incorporates a 12-in. diameter C.R.T. for tre 
P.P.I.—a display of this size being of particular value of tie 
present purpose. The standard range scales provided are 25), 
15M, 10M and 1-5M, but since the operational area is cover:d 
by a radius of 14M, the 5M range will normally be used: on this 
setting the range scale may be varied to any value between 1\I 
and 5M. : 

The usual range marker and calibration rings are provided for 








(Left). The Pilot stationed at the P.P I, of the Radar equipment 
in communication by R/T with his opposite number on board an 


outward bound vessel. (Right). The Pilot on the outward bound 
vessel speaking to his associate in the Pilot House who will be closely 
watching the movement of the vessel on the Radar P.P.I. 


range measurement, and for bearing, an engraved cursor with a 
bearing scale at the perimeter of the display. 

In this particular equipment the I.F. signal and lock pulse ar 
split after the pre-amplifier thus providing for a second Display 
Unit which is located on the ground floor and is to be used for 
experimental purposes by the Admiralty Signals Research Estai- 
lishment—the technica] authority for the installation. 

Power for the equipment is supplied by a motor generator 
which is arranged for running on the municipal supply: the total 
load is 1.4kw. Other equipment supplied includes a_ battery 
charging equipment for the portable radio sets. 


COMMUNICATION EQUIPMENT. 

The V.H.F. radio equipment has been supplied by Automatic 
Telephone & Electric Co., Ltd., in conjunction with British Tele- 
communications Research, Ltd., their associated Company. The 
pilotage channel operates two-frequency simplex, amplitud 
modulation, on a transmit frequency of 163.1 Mc/s and a receive 
frequency of 158.6 Mc/s. To provide this channel, a mains 
operated transmitter/receiver Type PM 1A giving 10 watts output 
working into a coaxial] dipole is used. 

An additional facility is available in that equipment is installed 
for communication on the international marine frequency of 156.8 
Mc/s. Sunderland is the first port in the British Isles to be fitted 
with equipment providing this facility. This International Guard 
Channel on 156.8 Mc/s is provided by a type PM 1A set working 
single-frequency simplex, again with a coaxial dipole. 
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Redar for Shipping in U.K. Harbours—continued 


Problems of cross-talk between the transmitter of one equip- 
ment and the receiver of the other have been involved in the 
close frequency spacing between channels and the proximity of 
the aerials. These problems have been solved by the use of 
coaxial resonator filters in the receiver imput feeders. 

As referred to above remote contro] units built into G.P.O.- 
type desk telephone instruments are provided on the chart table 
alongside the radar display unit. 


PILOT VESSEL INSTALLATION. 


A continuous listening watch for instructions from the Radar 
Station and Pilot Ruler is required on board the pilot vessel and 
a 12 volt battery-operated transmitter/receiver type PM IC is 
used for this purpose, the batteries being charged by a generator 
on the main engine. Loud hailer facilities are also included in 
this installation. 

Pilots boarding ships are provided with portable sets type 
HPS 1. These sets operate from dry accumulators and weigh 
only 20lb. They are carried in padded, waterproof canvas cases 
and provide up to five hours’ continuous operation with approxi- 
mately 10% of the time on transmit. 

OPERATIONAL PERFORMANCE. 

Trials have shown that the pilots’ launch can be seen con- 
tinuously, in the worst conditions to a range of 23M. The launch 
has a very low freeboard and the larger cutter can be seen to 
4M. Communication ranges of seven miles have been obtained 
using the pilots’ portable set on the small launch and a range 
of nine miles with a similar set on a ship’s bridge. 

In operation, the pilot is given a compass point, with any cor- 
rections subsequently which may be found necessary, to bring 
the vessel to open harbour; the standardised bearing of 255° is 
then set for entering the harbour and port/starboard instructions 
follow until pilotage becomes visual. 








British Canal Craft and Canals 


Relationship between Design Speed and form 
of Channel* 


By C. A. WILSON, M.LC.E. 
(Divisional Engineer, Docks & Inland Waterways Executive, 
South Eastern Division). 

There are in England two main classes of inland waterway. 
These are: 

Firstly: narrow canals having a top width of some 45-ft., a semi- 
elliptical cross section with a maximum central depth of 5-ft., and 
capable of navigating boats of dimensions 72-ft. length, 7-ft. beam, 
draft 3-ft. 6-in. to 3-ft. 9-in. maximum. These boats generally 
navigate in pairs, a motor boat and dumb boat or ‘‘ butty,’’ and 
carry 50-55 tons the pair at maximum draft ‘as above, the “‘ butty ”’ 
boat carrying a few tons more than the motor boat. 

Secondly: ‘‘ wide or barge canals,’’ which have a top width of 
some 50 to 60-ft., less generally on embankments, and greater where 
sections of rivers forming part of the route have been canalized. 
The cross section varies between semi-elliptical and trapezoidal, 
the central depth also varying from 5-ft. for artificial cuts to 10-ft. 
and greater for river stretches. The dimensions of craft navigating 
the wide canals vary greatly according to the local situation, but a 
‘ wide ’’ canal is generally taken as one which will accommodate 
craft 78-ft. length, 14-ft. beam, and draft 4-ft. 6-in., carrying 
approximately 90 tons on maximum draft. 

The four main estuaries, Mersey, Humber, Thames and Severn, 
all have connections with the inland navigations, and, while the 
Narrow boat is unsuited for esturial navigation, this is not so for 
the wide boat or barge; esturial craft intended for use on inland 
navigations, however, are bound by the restrictions of dimensions 
of the waterway leading into or from the estuary. 


” 


Paper presented at the International Navigation Congress, 194%, in 
respect to Section I, Question I, ‘‘ Acceleration of Transport on Inland 
‘avigable Waterways.”’ 
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Two of the main factors governing the cost of canal transport 
are speed and capital expenditure, and the question for inland 
canals appears to be not what speed can be attained in a channel 
of indefinite area, but what form of channel is suitable, having 
regard to the capital outlay necesary for its construction and to the 
economic results on an attainable weight of traffic. 

While the form and size of craft navigating the inland waterways 
of England has not materially altered since the construction of these 
canals, the method of traction has been revolutionised by the intro- 
duction of the internal combustion engine. Table No, 1 gives the 
percentage of horse and self-propelled craft passing key points on 
the former Grand Union Canal, in 1930 and in 1948, and shows 
that practically 100% of the long distance traffic is carried in self- 
propelled Diesel engined craft. While, however, the form of vessel 
may be more or less the same, the surface friction has been 
decreased by the extended use of steel boats, generally with a copper 
content to resist the corrosive effect of acid waters in manufacturing 
areas, and by the metal sheeting of wood craft. 





TABLE 1 





Grand Union Canal, Traction 1930-1948 
Horse Drawn Craft 


Distance from 
River Thames 


District at Brentford stad al Remarks 
(Mes) 
Hanwell Locks, London 33 77.5% TO8* Short distance barge 
traftic 
Cowley Lock 11} 59.3 % 2 Outer ring for barge 
traffic 
arsw : 94 30 Nil 7 
Marsworth 4 Wersew Beata lou 
‘ p ; listance Traflics 
3raunston ‘ 933 45.5 * Ni . - " 
Birmingham Sout} 1344 8O 5f , 
PRAGA Soule Pe Do and including 
pe - - . local coal traftic 
Birmingham North . 137} 98 95 sere em - 


t would also appear that, except for isolated construction, the 
wood built craft will eventually disappear, being replaced by the 
all-steel welded craft built under mass production methods. Already 
difficulties in repair of craft are apparent with the old time crafts 
man in wood dying out, and the new welding mechanic not yet 
forthcoming to take his place. 

Another alteration in design will come and craft no longer act 
as homes for boat operating families when, as required by recent 
legislation, children are required to have regular school attendance. 
Homes must then be found on shore and boat crews will not need 
the full living accommodation now provided, leaving more space 
available for cargo. 

From the results of the early experiments in canal traction, it 
was evident that the maximum speed of a vessel through a confined 
water channel is governed more by the relation of the sectional 
area of the channel to the wetted section of the vessel using it, than 
by the horse power employed in either traction or propulsion. 
Furthermore, that although this relation may remain the same, the 
resistance varies accordingly as the channel becomes shallower and 
wider, or deeper and narrower, it also varies with the roughness of 
the channel bed. Also while the length of the boat does not appear 
to be material, the form of the boat, even although the midship 
section remains the same, is a material factor in determining resis- 
tance, and especially so in a restricted channel. 

The tractive effort required to propel a boat through the confined 
waterway of a canal or canalised river is greater than would be 
required to give the same speed in open water, while in the case 
of motor driven craft the engine horse-power required is very much 
greater owing to the relative inefficiency of a propellor operating 
under such conditions, 

When a boat is moving forwards through the normally still water 
of a canal, a certain quantity of water is displaced each second at 
the bow and must be restored at the stern; this entails a constant 
flow of water backwards for the length of the boat, the velocity of 
flow being directly proportional to the immersed sectional area of 
the boat, and inversely proportional to the unoccupied cross 
sectional area of the waterway, The component of the tractive 
effort due to frictional resistance is thus not only increased by this 
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British Canal Craft and Canals—continued 
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larger relative velocity of the boat in the water, but is also 
augmented by the friction of the water on the bed and banks of 
the canal. In addition to the frictional resistance, however, the 
tractive effort must provide for other losses, of which the most 
important ‘are those due to the change of momentum of the water 
at the bow as it impinges on the stem and curved fore end of the 
boat, and those due to the eddies and waves set up at the stern 
where the kinetic energy of the backward flowing water is partially 
dissipated. The actual value of these components of the tractive 
effort will depend obviously on the velocity, length, cross sectional 
area, and shape of the boat, on the cross sectional area and 
hydraulic mean radius of the waterway, on the character and rough- 
ness Of the boat’s wetted surface, and of the bed and banks of the 
canal, etc. It is possible, in most cases, to ascertain these quantities, 
but the way in which each component of the resistance varies with 
the velocity is not definitely known and cannot be forecast with 
any degree of precision. A number of experiments have been 
carried out both on models and by actual speed tests on different 
types of canal craft, but the problem is extremely complex, and 
the difficulty of separating effects due to different components makes 
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and Canals—continued 


In considering the best class of boat and its suitability for the 
cargo it has to carry, the former Grand Union Company carried 
out an investigation to determine the extent of streamlining 
necessary to canal craft. 

More recently the National Physical Laboratory at Teddington 
carried out at the instance of the Ministry of War Transport a 
series of tests on a model craft for estuary and inland navigation 
working in varying sections of waterway. The dimensions of 
craft tested were: length 92-ft., beam 14-ft. 8-in., draft 
5-ft. 3-in., cross sectional area 76 sq. ft. The curves prepared 
from the results of tests showed contours of speed for various 
widths of waterway plotted against depth and effective horse 
power. For the craft dimensions as above, the tests showed that 
a speed of 4.5 knots was obtainable with an engine power of 44 
effective (75 B.H.P.), the waterway ratio being about 5}; the 
wave action set up, being rather less than moderate. 

Conditions on the estuaries and larger canalised rivers locking 
inland for some distance from the ports differ very materially, as 
mentioned above, from the wholly artificial inland waterways. 
[Improvements initiated on the River Trent some 40 years ago, 
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Fig. 3. 


In England, steam power, at a time when this was the only known 
power other than the horse, was allowed by law on canals provided 
no more than ordinary injury was caused to the banks, but the 
size and speed of craft on English canals is in actual fact only 
limited by the physical conditions of the waterway. At the present 
time, the increase in erosive effect of self-propelled narrow craft 
running at high speeds on wide canal sections is only too evident, 
ind it would appear that the provision of a waterway suitable for 
taking wide or 14-ft. beam barges, travelling at comparatively low 
speeds, opens the way for the narrow boat of 7-ft. beam and 
enables it to travel at high speed, necessitating a greater measure 

‘ bank protection. 

The results of the exhaustive and important investigations 
which have been carried out, notably in France and the United 
States of America, upon the resistance to traction on canals have 
been studied, and also the results of towing expermients carried 
‘ut on the former Grand Junction Canal (now part of the S.E. 
Division, British Waterways) in 1907. From these latter experi- 
ments it was considered that, with reasonable mechanical power, 
speed of 5 miles per hour, or say 4.5 knots, could be obtained 
ithout causing too high a damaging wave, 
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General arrangement of the latest Petter-engined diesel] towing and cargo-carrying Barge for the 


River Trent 

‘ towing barge,’’ capable of towing three dumb barges of equa! 
dimensions, all of which can be locked through in one operation. 
Naturally those craft require a greater engine power, varying 
from about 180 to 250 B.H.P., depending upon tidal conditions. 
The craft, diagrams of which are given in Fig, 3, carry about 
90 tons cargo and can tow three dumb craft each carrying 140 
tons, a total towing capacity of over 500 tons, but are not 
economical to run solo. Living accommodation for a crew of 
three adults is provided. 

Special types of craft are also built for oil and petrol carriage 
especially on the Severn and Humber, and which travel inland; 
these are somewhat similar to the above, with lower engine power 
and operate singly. 

In the years immediately preceding the World War II, the 
former Grand Union Canal Company carried out a mass building 
programme of narrow boats, both motor and dumb, some 100 pairs 
being built by various builders. For these newer boats, after 
detailed observations of craft operating under working conditions, 
it was appreciated that the existing conditions of a narrow canal 
could not be reproduced in a laboratory, nor was this deemed 
necessary, the boats must still be long to give capacity, and the 





THE Dock AND HARBOUR AUTHORITY 


January, 193] 


British Canal Craft and Canals—continued 


block co-efficient must still be high (86) for the same reason; as 
will be seen, the main improvements were found in giving some- 
what bluff lines to the bow and fine stern lines, with a good long 
‘run’’. A rake of 20° was given to the propellor blades, the 
stern post being raked accordingly: this blade rake was in order 
to prevent air being drawn into the screw, as the propellor tips, 
when the craft is running light, break through the surface of the 
water. It has since been found in practice that raked blades, 
while giving good results ahead, give poor astern pulling, and 
consequently a longer distance is required to pull up at locks. 
Generally it will be agreed that to facilitate progress, the water 
should be moved as little as possible, pass freely under and along 
the boat, and resume a position of rest in the canal behind the 
boat with the least possible commotion. 


PROPULSION UNIT 

Figures No. 1, No. 2 and No. 3 show the generally accepted 
form of layout for a wide boat, a narrow boat for inland navi- 
gation, ‘and a towing barge for the larger canalised rivers and 
estuaries. Although many experiments have been made in recent 
years on propulsion units for canal craft operating on estuaries 
and inland canals in England, the best type of engine is still, 
however, in doubt. The detachable engine has been eliminated 
on account of inconvenience, the steam engine on account of the 
weight of the boiler and auxiliaries, etc., considerably reducing 
the pay load, and the petrol paraffin engine on account of high 
running costs, leaving only the full Diesel or ‘‘ compression 
ignition ’’, and the ‘‘ hot bulb ’’ or semi-Diesel engine types for 
consideration. 

Internal combustion engines designed for deep water craft are 
unsuited for narrow canal work as, owing to considerations dis- 
cussed above, obtainable speed is limited; the selection of power, 
therefore, depends on the class of work and district over which the 
boat has to work, and the lowest outlay, and the least running 
cost are important; the power unit should also be flexible in manipu- 
lation, with a capacity for quick reversing. For the narrow boat, 
the class of work is either confined entirely to the inland canals 
and canalised rivers with port operation limited to loading or 
unloading alongside ship in river docks; for this latter duty, a 
reserve of power is required, and as the narrow boat is ubiquitous 
within the above range, a power unit of 18-20 brake horse power 
should be provided. The wide barge operates regularly in tidal 
waters, and where self-propelled requires a power unit of 30-65 
brake horse power, depending upon tidal conditions of working. 

A detailed description of the mode of operation of the above 
two types of engines is considered unnecessary, but there are 
several general considerations which should apply to whatever type 
is adopted, namely: the engine should be compact in size to enable 
the maximum pay load to be carried, and sufficiently simple in 
operation to be run by an average intelligent man with no special 
mechanical knowledge. With a recollection of the number and 
frequency of locks, it will be appreciated that bridge control and 
an efficient reverse gear is essential, also that the latter requires to 
be sturdily built with strength and power to withstand the hard 
and constant reversing necessary in negotiating locks, bridge holes, 
and in passing other traffic. 

The semi-Diesel type has the advantage of running at about 500 
revs. per minute, thus dispensing with the added complication of 
a speed reduction gear box; certain makes are also “ direct 
reversing ’’ and the reverse gear can be dispensed with altogether. 
With the slower speed, however, there is liable to be some vibra- 
tion unless the engine bearers and seatings are sufficiently well 
designed and constructed, and there is also the difficulty of 
atomizers becoming carboned up if very long periods of light 
load running are met with, due to the small fuel consumption not 
being adequate to vaporise the fuel oil for succeeding injections 
and to give complete combustion. 

The full Diesel high speed engine, running in the neighbourhood 
of 1,000 revs. per minute and having two or more cylinders, is 
small and compact, as compared with the single or two-cylinder 
semi-diesel at less than 500 revs. per minute. Consequently the 
vibration due to engine is reduced, and synchronising of engine 
and hull vibration is less likely to occur. A reduction gear is 


necessary on the high speed engine to give reduced propellor sp: :d, 
in order to obtain higher propulsive efficiency for towing work : nd 
to avoid cavitation due to shallow water. Generally the eng ne 
is more complicated, and the fuel injection system is not so sim le 
as in the semi-Diese]l type. 

The power unit should be accessible for repair and en ire 
removal, adequate tank storage for fuel oil is of importance, ind 
lubricating oil filters and coolers for the Diesel type is an impro ve- 
ment. High and low circulating water suctions should be pro. 
vided to overcome possible trouble from running into silt on bens, 
straining boxes, and cleaning cocks are necessary, a visible outlet 
from the circulating water pipe is desirable. The engine should 
be set as low as possible to give stability and a 4-in. clearance 
allowed between the propellor blades and the bottom of the boat, 
to avoid possible damage from obstructions in the bed of the 
canal; for the same reason, a manganese bronze propellor is pre- 
ferable to a cast iron one. As regards the size of propellor, a 
good diameter for narrow canals is 24-in. to 26-in., the propelior 
having three or four blades. It must not be set too close to the 
stern frame, owing to the eddies from the latter having a bad effect 
on efficiency. To facilitate the removal of rope and similar 
obstructions which might be picked up from the bed of the canal, 
a 2-in. gap is left between the propellor and the aft end of the 
stern tube, and which can be more easily cleared by reversing the 
engine or otherwise. 

For the narrow boat, the old-fashioned form of tiller is the most 
satisfactory; this should, however, be capable of easy removal and 
also of locking where not unshipped. A balanced rudder should 
be provided to assist the operation of the tiller, and give a smaller 
turning circle, The rudder stock should be raked to give self- 
centering effect and to equalize the centrifugal outward heeling 
effect when turning sharply. 

The problem of the motor driven canal craft is still further com- 
plicated by the inefficiency of the propellor drive under canal 
conditions, It ‘appears to be impossible to design a propellor to 
satisfy at one and the same time the requirements imposed by the 
dimensions of the waterway, the relatively reduced speed and 
increased tractive effort as compared with open sea craft, and the 
speed of engine available. The propellor slip stream is thus very 
heavy and is a source of considerable loss of power. It is found 
in practice that the effective horse power based on the tractive 
effort may be only 20 to 30% of the horse power exerted at the 
engine coupling. 

There is no doubt that there is a definite limit to the speed 
attainable by craft travelling in confined channels, as instanced by 
inland navigations in this country, and that in improving such 
navigations cognisance should be taken of the advantages to be 
gained either in increased speed for a given H.P. unit or at a given 
speed the saving in the H.P. unit. In effect, a point can be reached 
when the increase in speed ceases to be very marked for an increase 
in waterway dimensions for a given H.P. unit. 








NEED FOR YACHT BASIN ON RIVER THAMES. 

In the House of Lords recently Viscount St. Davids called 
attention to the lack of facilities for mooring yachts and boats 
in the Thames, and asked what was going to be done about the 
yachts which would be visiting the Festival of Britain next year. 
He said he understood the Port of London Authority was going 
to lay down some more moorings outside the Houses of Parlia- 
ment to accommodate 40 or 50 yachts, but that fell short of needs. 
A pontoon was being constructed at Battersea which would have 
a lifetime of about 30 years and he suggested the Festival authori- 
ties should hand it over after the Festival as a permanent mooring 
place for visitors. There was also a need for a London canal 
yacht harbour. Lord Lucas of Chilworth (Parliamentary Secre- 
tary, Ministry of Transport) replying, said he would give th: 
suggestion careful consideration and would see that the authori- 
ties concerned also considered it. There were about 500 yach 
in the Thames under the jurisdiction of the Port of London 
Authority. It was the Government’s desire that every reasonable 
facility should be given to private boat owners to enjoy th° 
amenities of the Thames. 
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Concrete Pile Driving 


Description wal Use of Special Plant’ 


By ALLAN BENNETT, B.C.E., M.E., M.I.E.Aust.+ 


of the Port of Launceston was the reason for the adoption 
of an extensive scheme of Wharf Construction. The adoption 
of this far-sighted plan, made possible the installation of 
plant designed to operate with the greatest of economy, and with 
somewhat less regard than usual to capital cost. The design of 
pile and a description of the pile casting yard was then given. In 
this paper is described a pile driver specially designed and built 
for the work, including details of driving and keeping of records. 


I N a previous papert it was shown that the growth of trade 


DESIGN OF WHARF 

After considerable discussion, the following basis of design was 

adopted :— 

(1) The wharf was to be constructed of reinforced concrete with 
reinforced concrete piles. 

(2) Provision was to be made for portal wharf cranes spanning 
two lines of railway on the face of the wharf. The space be- 
tween the cranes and the face of the shed was to be left for 
motor traffic. The shed was to be 62-ft. wide with a loading 
platform of 7-ft. wide at the back. 

(3) The following loadings were to be adopted:— 

(a) Cranes to be 10 ton 60-ft. radius; 

(b) Railway loading to be Coopers E. 30; 

(c) Uniform dead laad of 5 cwt. per sq. ft. (This last figure 
I consider grossly inadequate, as wharf loadings habitu- 
ally reach a figure of 8 to 10 cwt. per sq. ft., and the 
shipping fraternity will probably continue overloading 
the wharf to this extent.) 

The adopted cross section of the wharf is shown in Fig. 1. 

Unusual features of the design are as follows:— 

i. A deep lintel connecting the tops of the piles. This elimi- 
nates costly systems of bracing, which in most cases are 
merely copies of timber construction. It gives equally 
good or better lateral bracing with the exception that the 
unsupported length of the pile is increased. 

ii. A thickened slab under the crane rails. This was more 
economical of materials and cheaper to construct than the 
usual deep beam. 

iil. Extra steel was placed in the slab under the railway lines, 
whilst using more steel, it used less concrete than a beam, 
and the cost of forming was considerably reduced. 
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Fig. 1. Kings Wharf Extension, Cross Section of Wharf. 





“Paper given to the Tasmanian Division of the Institution of Engineers, 
\ustralia in August 1949 and reproduced by kind permission 

*The Author was Engineer to the Marine Board of Launceston, and is 
now Construction Engineer, Harbours and Rivers Branch Dept. of Public 
Vorks, New South Wales. 

>eported in the Dock and Harbour Authority of June 1949. 
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iv. The inner edge of the width of the wharf of 116-ft. coin 
cided with the top of the natural slope of the river bank, 
consequently there was no necessity for sheet piling at the 
back of the wharf, and the only outward earth pressure 
would be a small amount on the piles themselves. 

v. Fendering is provided by timber fender piles, which have 
the advantage of transferring a proportion of the pressure 
of a ship from the wharf to the ground below. 

From the foregoing broad details it will be seen that the wharf 
design was simplified to the greatest extent possible. This was 
done with the intention of reducing construction costs to a mini- 
mum. 

LOADING PILES INTO THE DRIVER 

In the previous paper alluded to, the design of the pile and its 
manufacture was fully discussed; it will be remembered that the 
pile was of 2i-in. octagonal section reinforced with eight 1}-in. 
longitudinal rods and with 3-in. spiral reinforcement. These pre- 
cision made piles, in lengths up to 80-ft. and weighing up to 
14 tons, had to be transported from the pile yard to the wharf 
under construction, loaded into a pile driving machine and 
driven. 

Invariably a concrete pile is subjected to higher stresses in 
handling, and more piles are so broken, than in driving. Conse- 
quently considerable care was taken over the design of this portion 
of the construction plant. 

Transfer of the pile to the job was carried out by rail using 
the bogies from a condemned engine and supporting the pile 
at the fifth points. Traction was provided by a Fordson Tractor, 
a unit of the Port’s cargo handling equipment. 

Now the usual method of handling piles into the machine on 
land, is to use a stiff leg derrick. However, the cost of such a 
derrick and the difficulty of using it on ground of very little 
bearing capacity forced the author to break fresh ground and 
design an entirely new method of handling piles. Finally it was 
decided to build a timber gantry, spanning the railway carrying 
the piles, and running on rails. The gantry was fitted with a 
worm winch, electrically driven mounted at the top and capable 
of lifting a load of ten tons to a height of 20-ft. The winch was 
originally steam driven and had been discarded for many years, 
before it was converted for use. We finally obtained the gantry 


for about one-tenth of the cost of a crame (Fig. 2). 
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Pile in position under pile lifting gantry. lifting gear at head 


of pile in course of attachment. 


Briefly, the scheme of handling is as follows:— 

The pile is shunted head first to the pile machine and under 
the lifting gantry, as seen in Fig. 3. The lifting gantry and the 
pile driver are shackled to the pile with suitable gear. The pile 
in a horizontal position is lifted to a height of 20-ft. The gantry 
winch is then stopped and the pile machine continues to lift. 
As the head of the pile goes up, the toe drops, and the gantry 
automatically travels towards the pile driver, feeding the pile 
into it (see Fig. 4). The whoie operation is very simple and 
practically automatic. There is absolutely no risk of jarring the 
pile or cracking it, consequently there is no possibility of a pile 
casualty. 

The point of attachment of the lifting gear at the gantry theo- 
retically should be 29.3% of the length of the pile from the toe. 
In practice, however, we place it 16-ft. or 20-ft. from the toe 














Fig. 4. Pile being lifted into piie machine, lifting 


gantry travelling towards the machine 


according to the length of the pile. The estimated lifting stresses 
for the longest pile of 80-ft. are as follows:— 

Concrete 1,635 lbs. per sq. in. 

Steel ; 26,100 Ibs. per sq. in. 

These figures are high, 
them safe. 

As the piles are cast with the rods projecting 4-ft. from the 
head special lifting gear had to be designed, which is shown in 
Fig. 5. It provides for two channels to be bolted to the pile, ind 
extending far enougl: to carry two sheaves clear of the projecting 
rods. When lifting is completed this gear is lifted to the top of 
the driver, and the driving wire for the hammer operates through 
it. 

After loading the pile into the driver, all gear is removed, and 
the toe of the pile is clamped to the bottom of the leaders to 
steady it. The driver is then ready to travel with the pile to its 
position. 


but the method of handling renJers 


PILE DRIVING MACHINE 
The design of equipment for driving concrete piles is an art 
in which both practice and theory must be skilfully blended to 
obtain the best results. From experience we know that we must 


























Fig. 5. Lifting gear at head of pile bolted in position. 

be able to deliver a blow in foot-tons of not less than 1.67 times 
the weight of the pile in toms, and that the weight of the drop- 
hammer should be as heavy as possible, a minimum figure being 
one-third the weight of the pile. As the weight of the heaviest 
pile is expected to be between 14 and 15 tons, the weight of 
the monkey should be not less than five tons, the blow given 
should be equivalent to 25 foot-tons, so that the fall is indicated 
at 5-ft. 

Consideration was given to the use of a steam or a compressed 
air operated hammer. To give the same blow as a drop hammer 
would have meant a specially made hammer weighing, say, 18 
tons. In addition to the winch, which was needed in any case, 
a large boiler or air compressor would have had to be provided. 
The chief advantage of this type of equipment is the large num- 
ber of blows that can be given per minute and consequent rapid 
driving. A time study of the operation of pile driving shows 
that driving occupies one quarter of the cycle, and it would 
therefore take a big reduction of this time to effect an appreciable 
overall saving. 

After weighing up all the arguments, and having in mind the 
difficulty of obtaining delivery of plant, and the necessity for 
simplicity, particularly with inexperienced personnel, togetlier 
with the probable cost of operation, it was decided to adopt the 
usual drop hammer. 

Finally, we obtained a double drum cone friction winch from 
the Disposals Commission, one of a hundred made during the 
war for use by the Army. The existing Ford V 8 power unit 
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Concrete Pile Driving—continued 


was replaced by a 50 h.p. squirrel cage electric motor, power 
for which was carried by a trailing cable from a shore supply. 
Reduction gearing was fitted to give a rope speed of 86 feet per 
minute. 

The pile machine, which is 85-ft. high (shown in Fig. 6), is 
made of steel with bolted connections. It is mounted on double 
flanged wheels at 30-ft. centres for traversing across the wharf. 
Traversing is effected by a tackle passing through pulleys at the 
centre of the machine and thence to the warping drum of the 
winch. In practice it was found desirable to have two tackles for 
movement in and out, so that the position of the machine could 
be quickly and accurately adjusted. 

Lifting and loading the pile has already been described, power 
for lifting is provided by a four part tackle, operating through 
suitable pulleys arranged at the cat head. The speed of lift is 
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Fig. 6. 85-ft. Concrete Pile Driving Plant. 
21.5 feet per second and there is sufficient power to lift 20 tons. 

An unusual feature of the machine is the provision of a sliding 
false leader which automatically follows the pile down as it is 
driven and permits driving the pile below the bottom of the 
machine without the use of a dolley. 

The false leader consists of a rolled steel joist 30-it. long and 
slides between the wood lined leaders of the pile machine. A 
2-in. projection rests on part of the cast steel follower and, as 
the pile is driven, the false leader automatically follows the pile 
down te its finished ievel. 

The ‘‘ follower ’’ is made of cast steel, and has eight 13-in. 
holes to take the protruding reinforcement of the piles. A 
cushion between the bottom of the follower and the top of the 
pile is made by the insertion of a 3-in. pad of canite. At first 
timber was used for this purpose, but it was unsatisfactory as 
well as more costly, and spalling of the piles resulted. Since 
using ‘‘ canite’’ the heads of the concrete piles are unmarked 
alter driving. At the head of the follower is a wooden “‘ cork,”’ 
13-in. diam. and made of bluegum; the top of the cork is bound 
with a 3-in. by 1-in. mild steel band. The purpose of the 


‘cork ’’ is to cushion the blow of the monkey, it was purposely 
made weak, and frequentiy has to be renewed. A projection on 
the false leader passes through an opening at the top of the 
follower and rests on the bottom of it. 


The ‘‘monkey’’ is made oi cast iron 
and weighs five tons. It has a long 


| slot machinea in one side which its 
a4 over the projecting portion of the 
| false leader. 
Hl The general arrangement is shown 
in Figs. 7 and 8. Suffice it to say 
tnat ine arrangement has proved very 
satisfactory in service. 








| i] |. Jjo-o” 
iI False Leader 
— DRIVING PRACTICE 
1 The pile is pitched about a foot 
inshore from its finished position. As 








[ J. - Adem ; ; : 
“ya — || woos Dolley it is lowered it penetrates quite a 
or “Cork” considerable distance under its own 


weight, and at the same time the toe 
travels outwards and the pile leans 


tCost Stee! slightly inshore, the machine is then 
st est Steel 








Follower travelled out until the pile is vertical. 

. With experience, we know exactly 

| | ~-iGeer how far inshore to pitch the pile so 

munis ) I feckng that it will be in its correct position 


i when driven. 
| | | When the pile is pitched the lifting 

gear is unbolted and lifted out of the 
way to the top of the machine. The 
‘‘ follower ’’ is then hoisted up and 
lowered on to the head of the pile, the 
projecting rods being threaded through the holes previded. Nex: 
the fa'se leader is lowered into position through openings in the 
back uf the follower and resting on the bottom of it. The monkey 
is then threaded over the outer flange of the false leader and 














Fig. 7. Driving ‘‘Follower 
and ‘‘Monkey.”’ 
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Fig. 8 All prepared to commenc 
lowered on to the top of the follower. Driving is then commenced 
using at first a very small drop and increasing the fall up to a 
maximum of 5-ft. as the pile firms up. The pile driving crew 
work to instructions as given in Appendix 2. The aim is to 
drive the pile until it is at its correct level, at the same time it 
must have sufficient bearing capacity to carry its designed load 
so that a maximum set is specified. At the other extreme it must 
not be driven so hard that the pile is damaged. The sets have 
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been calculated by Hiley’s formula so that the pile will have 
a bearing capacity between 100 and 200 tons. 


RECORDS 

of every pier, on which is entered 
in connection with the timber false 
work, and this forms an important guide in determining the 
lengths of concrete piles to be used. An observer is stationed 
on the pile driver and he records the resuits of all tests of driving 
and checks the finished level of the tops of the piles. These 
results are also entered on the sheet. From the preceding piers 
and from the timber piling it is possible to estimate the lengths 
of piles fairly accurately for the next pier. These lengths are 
given to the foreman and he drives accordingly. 

Another important record is the slope of the bank under the 
wharf. These are plotted in the same section as the piles. In the 
event of movement taking place behind the wharf in the future, 
it will be very simple to take a cross section and compare it with 
the original, and so establish whether the bank has become 
unstable. ; 


A section sheet is kept 
all details of pile driving 


TEST LOAD 

The designed load on a pile is 70 tons. In driving we are 
endeavouring to give a bearing capacity between 100 and 200 
tons. To check this, we put a test load on a pile that went fairly 
softly. A concrete platform 8-ft. square was cast on top of the 
pile and on this was !oaded 80 Ib. rails until a total load of 102 
tons was imposed. Levels were taken during the process of 
loading. The load was left on for a week, and then taken off, 
levels again being taken. The pile was 64-ft. long and finished at 
a set of 30 blows to the foot with the 5-ton monkey falling 5-ft. 
The load of 102 tons produced a permanent set of one quarter 


TABLE I—DETAILS OF PLANT COSTS 
CONCRETE PILE DRIVER 











Winch = a £1,200 
Motor and Starter ee = 154 
C. 1, Monkey ome aa _— ‘és 277 
C. S. Follower vi sat co 234 
Trailing Cable... ws err oe 125 
Steelwork - 2p coe soe §6= 
Erection Costs, Freight, etc. 1,222 

TOTAL £6,030 

PILE TRANSPORT AND LIFTING PLANT 

Two only pile trolleys a roe 251 
One only 1 in 8 railway turnout ne 102 
Construction of gantry and railways 1,280 

TOTAL £1,633 





£24,853 


PILE MANUFACTURING YARD 


£32,516 


Annual Charge at 4 per cent. perannum £1,300 
First year’s output of piles 15,856 lin. ft. 
Plant charge per lineal foot 1/7.67 


AVERAGE COST PER LINEAL FOOT OF PILE 
DRIVEN TO 30th MAY, 1949 


PILE MANUFACTURE 


TABLE II- 





Reinforcements = aa ose 7/10.75 
Assembling Moulds — 11.69 
Concreting a jes noe ‘asa 6/ 4.58 
Handling and Stacking 1.62 
Plant Charges 2.89 15/ 7.53 
PILE DRIVING 
Transport of piles 4.41 
* Driving 2/11.10 3/ 3.50 
TOTAL COST 18/11.03 
PLANT CHARGES 4) 7.67 
GRAND TOTAL 20 6.70 





*The unit cost of driving is steadily being reduced and this figure will 


eventually be much lower 
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The average nium- 
ber of blows per foot of the remaining eight piles of one beat vas 
62. 


of an inch. This was considered satisiactory. 


MOVING MACHINE TO NEW PIER 


The method of moving the pile machine from pier to pie: js 
as tollows :— 

Four screw jacks are provided one at each corner of the 
machine and are placed so as to be over the traversit., rails. \\ ith 
these jacks the machine is lifted bodily some 5 or 6 inches. In 
the base of the machine are four double flanged wheels for tray el- 
ling; under these are inserted 60 Ib. rails, and these are firmly 
packed underneath with timber blocks. The machine is lowered 
on to these rails, and then travelled back 15-ft. to its new position, 
when the procedure is reversed, and the machine eventually placed 
on the new traversing rails. 

CONCLUSION 

The effect of the installation of a carefully designed pile manu- 
facturing and pile driving plant has been to reduce the cost of the 
piles in position by approximately 50%. For a wharf structure 
and for conditions that apply at Launceston this is a reduction 
in cost of £40 per lin. ft. frontage of wharf. The total cost of the 
plant used is £32,516, so that this cost can be recouped in the 
construction of 812 lin. ft. of wharf. If, however, we allow 50°, 
salvage value for the plant, the difference is met in 406 lin. ft. of 
wharf. The conclusion is therefore reached that for a construc- 
tion programme of more than, say, 800 ft. of wharf, it would pay 
to instal a similar plant. In addition the Harbour Authority has 
the satisfaction of knowing that the concrete piles are ‘‘ precision 


made ’’ and that they have not been damaged in handling or 

driving. 
APPENDIX I —TIME STUDY OF PILE DRIVING 

H. M. 

0 00 Start of operations. Pile machine in position opposite pile 
lifting gantry. 

013 Pile pulled into position for shackling. 

© 04; Pile iifting gantry pulled into position. 

0 15 Pile shackled to lifting gear. 

0 19} First lift completed. 

0 22 Second lift completed. 

0 22? Pile unshackled and clamped. 

@ 24} Pile machine travelled to position. 

0 354 Pile Stepped. ¢ 

0 403 Lifting gear hoisted out of way. 

0 44 Follower in position. 

@ 51 False leader lowered into position. 

0 59 Monkey in position (driving commenced). 


1 083 Pile driven to 4-ft. of finished position and tested 
1 233 Pile driven to final level. 

1 30 Gear lifted clear. 

1 33 Monkey landed. 

1 36} Follower landed. 

1 41} Pile machine in position to receive next pile. 


APPENDIX II—ADMINISTRATIVE INSTRUCTIONS 


Concrete Pile Driving.—The fall of the monkey in all cases shall not 
exceed five (5) feet. 

Pile Levels.—As far as possible piles will be driven to levels given by the 
following method. A mark will be made on the pile at a distance below 
the head given in the following table. The pile is driven to its correct 
level when this mark is 5-ft. 3-in. below the top of the head-stocks of the 
falsework. 

Pile No. 1 2 3 $ 5 6 7 8 9 
Mark Below Head 1'8" — 1103" 2'03",—-2°'23” 30} 328" 0k” — ss 2'0%”— 273 

Test Blows.—The standard test shall consist of five (5) blows each five 
(5) feet fall. The final set given by the above tests shall be within the 
following limits. 


Length of Pile 48 52 56 GO 64 68 72 
Set Maximum Ph 3 3h 3 23 23 2] 
Inches Minimum 13 11 1 1 i k 


Geneval.—lf the driving hardens up until the set becomes less than the 
minimum prescribed, driving will cease and the pile will be cut off to 
level. 

If on reaching the desired finished level the set is greater than the 
maximum prescribed, then driving will continue until the set is equal 
less than maximum given, and an extension will be cast to bring to correct 
level. 

Generally speaking, it is better to drive the pile below the finished ievel 
than to leave it projecting above. 
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The Rat-Prooting of Vessels 


Need for Preventive Methods 





By MARTIN THOMAS 
Deputy Senior Inspector, Hull and Goole Port Health Authority* 


In introducing this subject for discussion, it may be said that 
rat proofing has been an accepted basic principle in the suppression 
of rat life on board ships for the past twenty years or more. The 
United States of America have progressed with the years and are 
now well established as the leaders in: this field. On this side of 
the Atlantic, however, very little has been done in this respect and 
the moment would appear appropriate to examine the position 
generally. For many years, periodical fumigation and other 
eradicative measures have been carried out on vessels in this 
country and there is no doubt that much has been achieved towards 
our ultimate aim—the complete elimination of rat life on board 
ships. This can be amply verified by consulting the records of 
any Port Health Authority over the past twenty years. It would 
now appear, therefore, to be necessary to concentrate more towards 
preventive measures in our efforts to reach finality in the fight 
against the rat menace, 


the Ship-Owner is again confronted with accounts for trapping and 
fumigation. The answer to this vicious circle is obviously rat- 
proofing. 

Rats are not interested in travelling from a desire to see the 
world by joining the Merchant Navy, it is the tendency to over 
population, presenting a serious food and housing problem, which 
means in turn a struggle for existence. It, therefore, becomes a 
case of move or perish, with the result that ihe excess population 
proceed on a quest for new homes where ample food supplies may 
be available. These are easily found in the many enclosed dead 
air spaces (rat harbourages) that exist on board all vessels which 
have not been rat-proofed. It is reasonable, therefore, to assume 
that, with the abolition of all harbourages, the elimination of the 
lines of communication and the prevention as much as possible of 
access to food and water supplies, a ship so dealt with and main 
tained will be rat free and will remain so indefinitely. 








Rat hole cut in outer wooden sheathing of refrigerator alongside a stru ctural beam 


The prevention of rat life on board vessels means not only im- 
proved sanitation, but it is a measure of economy in the operational] 
costs connected with shipping. The rats live at the expense of 
the ship-owner and to lessen the economic waste incurred through 
damage to cargo and stores, many shipping Companies regularly 
employ professional rat catchers and fumigators. In addition, the 
presence of rat life on vessels and the fact that rats are potential 
carriers of bubonic plague and other infectious diseases, results in 
Port Health Authorities requiring such vessels to be periodically 
deratised in accordance with the Port Health Regulations 1933 and 
1945. This invariably involves loss of time and interference with 
schedules and considerable unavoidable expense is thereby 
incurred. 

The processes of deratisation at present in use eliminate most of 
the rat population on ships, but there may be survivors and, given 
favourable housing and breeding facilities, there is a resumption of 
reproduction. The maintenance of such rat life is fostered by 
structural pecularities which offer a retreat, accessible to the rats 
ut which may be too remote for lethal gases to penetrate. 

Rats breed from three to five times a year, each time producing 
om 6 to 19 young, after gestation period of a mere 21 days. The 
ung grow rapidly and are capable of breeding when less than 
ree months old. It will therefore be realised that there can be 
rapid replenishment up to or beyond an original infestation, and 


oto 


Paper (slightly abridged) read at the 57th Annual Conference of the 
Janitary Inspectors’ Association held at Bridlington, September, 1950. 
teproduced by permission. 


IMPORTANCE OF RAT-PROOFING 

The average vessel has many enclosed spaces suitable as a har- 
bourage for the home seeking rats. In fact, in some instances, it 
would appear that they were constructed for that purpose. Rats 
promptly take up residence in these spaces and become so well 
estabiished in their ideal home that in many cases they successfully 
resist the usual destructive methods to eliminate them. 

In November last, a vessel arrived in the Port of Hull with a 
cargo of iron pyrites. During a routine inspection, pronounced 
evidence of rat infestation was observed in the Steward’s Storeroom 
aft. The shell plating had been lined with wood and wood planking 
had been laid over the transome floor plate, thus providing ideal 
rat harbourage. The rats had taken full advantage of this. Trap- 
ping was carried out by the Authority’s Rodent Searcher and 
finally the vessel was fumigated by hydro-cyanic acid gas. As a 
result 53 rats were killed, 31 of them being found in this after peak 
storeroom. Four months later, this vessel returned to Hull and 
was again found to be rat infested and 9 rats were trapped in three 
days in the vicinity of the above mentioned storeroom. 

The importance of rat-proofing from the Public Health point 
of view cannot be stressed too strongly. It has been positively 
proved to be an effective control measure against an animal that 
is known to be the main factor in the spread of bubonic plague. 
The danger, therefore, should plague occur amongst the rats, 
would be relatively minimised in a rat proof ship and the effective- 
ness of the measures adopted for their destruction, greatly 
increased. 

Rat-proofing, whilst essentially a public health measure, has its 
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The Rat-Proofing of Vessels—continued 


benetit for the Ship-Owner. A ship so constructed and maintained 
will so control rat life on board, that the direct or indirect financial 


loss associated with rat infested ships would be considerably 


reduced and it is not beyond the bounds of possibility, completely 
eliminated. 


OPENING INTO 
DECK HEAD 


MARKINGS CFRY 
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Rat harbourage in deck head ove1 stewards’ lockers in 
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METAL FLASHING 
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Rat-proofing work carried out to correct conditions in 
stewards’ lockers 





Example of metal flashing of screen bulkhead 


Rats may get on board a rat proof ship, but on such a ship 
they will have only the cargo or stores in which to hide and that 
will provide only temporary shelter. They would be confined to 
one compartment in their search for food and water. The neces- 
sities of life being in short supply, they would be faced with a 
‘‘ high cost of living,’’ and, in the struggle for existence, probably 
kill each other or die of hunger and thirst. 


RAT HARBOURAGE 

Rat harbourage, as previously defined, means any enclose: or 
dead air space accessible to rats in which they may live in ¢ »m- 
parative safety and comiort. . 

On the International Form of Certificate for deratisatioi. or 
deratisation exemption, issued by Port Health Authorities at 
‘* Approved Ports,’’ a column is provided for the recording o all 
harbourages discovered in the various compartments by the Ot) cer 
responsible for the inspection of the vessel. This informatio: is 
defined and entered on the Certificate as being or either a temporary 
or permanent character. 

Temporary Harbourage: As its name implies, exists only for the 
time being, and is best represented by dunnage in the holds, or 
the mass storage of supplies, ropes, canvas, empty bags, ca:go 
mats, etc., such as are found in forecastle head spaces, fore and 
after peak storerooms or tonnage wells. These supplies may remain 
undisturbed for long periods and so provide hiding and nesting 
places in which the rats may breed. This type of harbourage can 
be readily eliminated by the provision of facilities for open and 
orderly stowage and the regular inspection of these compartments 
by a responsible officer. The removal and re-stowage of the stores 
at frequent intervals would be of immense value in maintaining 
these spaces, as far as practicable, in a rat free condition. 

Permanent Harbourage: The term ‘‘ Permanent Harbourag: 
as applied to vessels, may be defined as those structural parts, 
whether constructed of wood or steel, which provide enclosed dead 
air spaces or retreats accessible to the rats, where they may hide 
and breed indefinitely. 

THE RAT-PROOFING OF PERMANENT HARBOURAGE 

All problems of this kind are solved by the application of either 
of two methods—elimination or protection. The most logical 
solution of course, is by the complete elimination of the harbourage» 
since it is the more economical and efficient and being permanent, 
it requires little or no upkeep. In the second instance, the many 
enclosed spaces which cannot be eliminated have to be so con- 
structed or protected that they are inaccessible to rats. In dealing 
with the latter, certain materials are necessary for the satisfactory 
accomplishment of the task of building a line of defence which 
will keep the rats out of the enclosed spaces. 

The materials required for this purpose are: 

(a) Galvanised sheet metal and*sheet metal strips of not less 
than 6-in. in width. 

(b) Expanded metal or heavy galvanised wire weaving with 
a mesh not larger than }-in. 

(c) Galvanised perforated sheet meta] with perforations not 
exceeding }-in. 

(d) Metal collars, the flange of which should be not less than 
3-in. when used for the protection of wooden bulkheads, 
sheathing, etc. 

(e) Cement. 

In the following itemised examples of permanent harbourage, the 
necessary procedure for its effective protection is described in 
detail. Photographic examples of rat proofing work are also given. 





Ceilings over tank tops and bilges 

Wherever practicable the lower holds should be constructed so 
that there will be no space under the ceilings accessible to rats. If 
protective flooring is required, the planking should be fitted close 
to the tank top and the ceiling over the bilges flashed with sheet 
metal at the edges and around each frame where it is brought up 
to the shell plating. Where it is necessary to have the ceiling 
raised off the tank top, metal flashings will also be required at 
bulkhead edges and around pillars, pipes, etc. It is recommended 
to use, where practicable, sheet metal instead of wood for filling 
pieces between the frames, as a base for the cement. If the cement 
is less than 4-in. thick, or in any case if it is laid on wood, it is 

advisable to reinforce it with expanded metal. 

Permanent Wooden Bulkheads 
These should be constructed of thick tongued and grooved 


timber with metal flashing 6-in. wide fitted at all edges. If plain 
timber is used, cover all open seams with metal strips. All openings 
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The Rat-Proofing 


through bulkheads, around pipes and structural members, must 
be closed with metal collars or flashings. 
Wooden Sheathing in Cargo Spaces 

The enclosed spaces usually found between the wood sheathing 
and the steel bulkhead provide ideal harbourage. The rats enter 
by gnawing holes in the sheathing at the margins and angles and 
around pipes, etc., or use the accidental openings which may be 
already in existence. The preventive measures required are similar 
to those described in the preceding paragraph. Where wooden 
sheathing in the holds is of light construction and susceptible to 
damage by cargo, it should be strengthened with battens spaced 
not more than 8-in. apart. If the sheathing is erected for the 
purpose of protecting the cargo from contact with the steel bulk- 
head, this extensive harbourage can be eliminated by the provision, 
where practicable, of sparred type protection. 

Insulation Sheathing 

The spaces between the sheathing and shell plating, bulkheads, 
and deckheads, afford abundant harbourage for rats. Once access 
is gained, an almost impregnable retreat is held against most 
eradicative measures. To prevent this, the inside of the wocden 
sheathing must be screened with expanded metal or heavy wire 
weaving, overlapping all joints to a distance of 6-n. Where screen- 
ing cannot be closely fitted and securely fastened around pipes, 
structural parts and corners or edges, metal flashing or collars must 
be fitted on the outside. 

Casings over Pipes, etc. 

Wooden protective casings of the solid box type over pipes, etc., 
and trough-like steel casing when used for overhead pipes, afford 
excellent living quarters for runways for rats. This form of har- 
bourage may be eliminated by the censtruction of any one of the 
following types of protection, all of which will give satisfaction 
in most instances: , 

(a) A face board, consisting of a hardwood board or steel 
plating of sufficient width to give proper protection to the 
pipes, held in place by metal straps secured to the ship’s 


structure. 

(b) An open steel bar or skeleton type, which is secured as 
in (a). 

(c) A spar or ladder type having wooden sides secured to the 


ship’s structure. The battens across to be spaced as far 
apart as consistent for efficient protection. There are, of 
course, exceptions, such as pipes, valves, etc., placed near 
the bottom of a lower hold, which require protection of 
a solid nature, where the previous methods are not practi- 
cable. In these cases the use of steel is preferable, with 
all joints closely fitted. If wooden casing must be used, 
flash all external angles and open seams with metal strips. 
Pipes and Other Leads passing through Bulkheads, etc. 

The points where these pass through sheathing, wooden bulk- 
heads or partitions, are frequently used by rats for gaining access 
to harbourage, or entrance to an adjoining compartment by means 
of accidental openings or gnawing. Openings are often found 
around pipes, etc., passing through internal bulkheads in the 
superstructure; where this occurs, and the intervening space 
between the pipe and the bulkhead exceeds }-in., it will be neces- 
sary to fit metal collars. 

Where insulated pipes pass through bulkheads, etc., and the 
insulation terminates on each side of the bulkhead, the metal collars 
must be fitted around the pipe and under the insulation. Where 
the insulation is not more than }-in. thick and is continuous through 
the bulkhead the collar may be fitted over the insulation. Pipes 
with continuous insulation of more than one haili an inch in thick- 
ness may have the collars fitted on ihe outside of the insulation, 
provided that a sheet metal cylinder of not less than 2-ft. in length 
is also fitted over the insulation in such a manner that it will preject 
on each side of the bulkhead in equal proportions. 

Permanent Ballast 

Where permanent ballast is carried and encased in wood, it is 
easy for rats to enter such enclosures. Even when the wood casing 
is of tight construction, rats gnaw holes at the edges and corners if 
they are not protected by metal flashings. 
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of Vessels—continued 


Lightening Holes 
Wherever lightening holes in the ship’s structure (such as pillar 
foundations and winch beds) offer access to enclosed spaces, it is 
essential to close these openings with perforated or expanded metal 
or wire weaving. 


YPICAL 

xAMPLE OF 
DPENING AROUND 
IPES LEADING 
INTQ DECKHFAD s 
wsueaTeD SPACES 


SwiPgs S/DE 





Close up view ot hole in broken concrete filer 











A view showing the extent to which the space behind 
screen bulkheads is used for nesting 


Wooden Floors and Gratings in Storerooms, etc. 


The construction of fixed hollow wooden floors or platforms in 
storerooms, special cargo, mail and baggage rooms, etc., should 
be avoided. Where flooring is required, the use of sectional 
gratings is recommended. The gratings should be constructed flush 
on both sides and the sections closely fitted allowing no space under- 
neath for harbourage. Gratings that are laid on risers must be 
protected on the under side with perforated expanded metal or wire 
weaving. 
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The Rat-Proofing of Vessels—cc ntinued 


Ventilating Systems and other Openings 

Mechanical systems of ventilation with their numerous air-ducts 
are used by rats more as a means of communication and hiding place 
than for nesting and breeding. The air-duct openings, if not 
properly screened, provide the rats with a means of entry and the 
entire system is then used as a concealed runway. It is, therefore, 
necessary to have all openings, including the main supply trunk- 
way, effectively screened with expanded metal or heavy wire 
weaving of not less than }-in. mesh. Cowl and torpedo ventilator 





prehensive survey of all the kinds of harbourage which exist in the 
various types of ships. It is hoped, however, that the foreguing 
examples and the general principles enumerated will provide sv ffi- 
cient data for guidancc in specifying the rat-proofing work requ red 
in most instances. 

To achieve the desired efficiency in this work it is essentia: to 
have a high standard of workmanship and materials of 2 0d 
quality. All flashings, collars and screens must be accurately cut, 
fitted and secured in such a manner as to make them of a per- 


kei HING 
"VVND FRAMES ETc. 


4 7 


Metal flashing around edges of ceiling boards in lower hold 


openings should be screened in a similar manner, as rats have been 
known to use these openings as a means of eniry into a compart- 
ment. 
Sheathing, Furniture, etc., in Living Quarters 

Access to the hollow spaces behind wooden sheathing in living 
quarters is generally afforded to rats by unprotected openings 
where structural fittings, pipes, etc., pass through the wooden 
linings and by the boxed-in spaces in settees, wardrobes, sleeping 
berths, etc. It is essential that these openings and boxed-in spaces 
be protected with sheet metal, collars, or flashing, whichever is 
most suitable. All hidden edges and angles of the sheathing should 
be flashed with sheet metal strips and open spaces above and below 
partitions screened off with expanded me‘al, wire weaving or per- 
forated sheet metal. Where the hollow space behind sheathing 
is continuous from one compartment to another it is advisable to 
block off this space with expanded or sheet metal at all ends and 
at partition points. The construction of metal furniture and fittings 
is recommended wherever possible, especially for galleys, pantries 
and provision storerooms. The fix‘ures, as far as practicable, 


es 


FLASHING ON? 





Boxed vertical pipe casings which have been changed 
to the open, or spar, type 


should be made to rest flat on the deck or on suitable solid bases. 
If the furniture or fixtures are raised off the deck and the under- 
neath space is less than 10-in. high, protection of such space with 
expanded metal, wire weaving or perforaied sheet metal is required. 

There are many other individual circumstances which could be 
quoted but it is not within the scope of this paper to give a com- 


manent character. The degree of finish required will depend 
greatly on where the work is carried out and its relationship tc 
adjacent fittings. For example, a more superior finish would h« 
called for in the accommodation than in a hold. 


The adoption of rat-proofing in the construction of new ships 
would be a distinct advantage. The principles involved could 
quite easily be incorporated and adapted to present day ship 
design. The cost of this work would be negligible in comparison 
with that required for rat-proofing a vessel when in service. 


In the case of old ships the extent of the work required would 
depend upon the type of construction and general condition. It 
would, therefore, be necessary to make a thorough inspection of 
each ship in order to compile a complete report of all harbourage 
found in each compartment, together with the appropriate recom- 
mendations for its correction. 


In order to derive the full benefits from the rat-proofing of 
vessels, irrespective of the thoroughness with which it has been 
carried out, much depends upon the condition in which the work 
is afterwards maintained. In addition, general cleanliness must 
be observed at all times and all loose food supplies in galleys, 
pantries and messrooms should be kept in rat-proof receptacles or 
lockers when not in use, especially during the hours of darkness. 
It has also to be remembered that refuse attracts and offers 
sustenance to rats and should therefore be disposed of without 
delay. This can be done, in the case of coal burning ships, by 
burning the refuse in the furnaces at frequent intervals. 


It is not the purpose of this paper to induce a discussion on the 
law relating to the rat-proofing of ships in view of the fact that the 
legal aspects are not too clear. This will be observed from th 
following extracts:— 


The International Sanitary Convention of Paris, 1926 
Article 28 states: ‘‘ All ships, except those employed in National 
Coastal Service shall be periodically deratised, or be permanently 
so maintained that any rat population is kept down to th: 
minimum.”’ 


The Port Sanitary Regulations, 1933 
Article 19: which gives further effect in this country to the above 
provides that the Port Medical Officer shall, in certain detailed 
circumstances, ‘‘ take such steps as he may consider necessary to 
ascertain whether the ship is maintained in such a condition that 
the number of rats on board is kept down to the minimum.”’ 
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The Prevention of Damage by Pests Act, 1948 

fhis Act repeals the Rats and Mice Destruction Act, 1919, and 
apparently will not affect shipping until an Order in Council 
directs ‘‘ that the provisions of this Act shall apply, subject to 
such exceptions and modifications as may be prescribed by the 
Order in relation to vessels or aircraft as they apply in relation to 
land ’’ (Section 23). 

it will be seen from the foregoing that the decision to interpret 
‘‘ rat-proofing ’’ as a remedial measure has been left to those con- 
nected with the administration of the law. In future legislation 
on this subject it is to be hoped that the position will be made more 
clear by the inclusion of the specific term ‘‘ rat-proofing.’’ 

In conclusion, high tribute must be paid to the Public Health 
Services of the United States, whose pioneer research work and 
development in the rat-proofing of vessels have proved so success- 
ful, so successful indeed that it has been approved and adopted by 
the American Marine Standards Committee. 

It is worthy of note that this most desirable sanitary measure 
has been accomplished by the ship-owners of America without the 
stimulus of legislation. When it is fully realised by all concerned 
with the management and operation of Mercantile Shipping in this 
country that it is to their financial advantage to maintain ships 
permanently in a rat free condition, the adoption of similar 
measures in this country will not be long delayed. 





Canadian Port Improvements 


Review of Recent Capital and Maintenance Works 


By Mr. R. K. SMITH, K.C. 
(Chairman of the National Harbours Board of Canada) 


The National Harbours Board of Canada has jurisdiction over 
the harbours of Halifax and Saint John on the Atlantic Coast; 
Quebec, Three Rivers and Montreal on the St. Lawrence River; 
Chicoutimi at the head of navigation on the Saguenay River; the 
northern port of Churchill on Hudson Bay, and the Pacific Coast 
harbour of Vancouver, as well as terminal grain elevators on the 
St. Lawrence River at Prescott and Port Colborne. In addition to 
piers, wharves and transit sheds, the Board also owns and operates 
such facilities as terminal grain elevators, cold storage plants in 
Montreal, Quebec and Halifax, terminal railroads and rolling stock 
in the harbours of Montreal, Quebec and Vancouver, a power plant 
and major equipment such as heavy lift cranes, tugs, dredges, 
scows, as well as all the lesser equipment necessary for harbour 
operation. 

During the war years, due to shortages of labour and materials, 
and the necessity to concentrate on the war effort, capital and 
maintenance expenditure were limited to the bare minimum 
consistent with efficient operation of the harbours. Since the war 
the Board ‘has proceeded with a considerable amount of deferred 
capital and maintenance works. During the period 1946 to 1949 
inclusive, a total of $8,100,000.00 was spent on capital works and 
$7,500,000.00 on maintenance. In addition, amounts of 
$5,300,000.00 and $2,300,000.00 were provided in 1950 for 
expenditure on capital and maintenance, respectively. 

The major capital works undertaken during this period were 
as follows: 

HALIFAX 
CONSTRUCTION OF SHED AND GRAIN GALLERY 

A single storey transit shed, 660 feet by 101 feet, was built at 
Berth 26, Pier A, which was formerly used as a coal berth. The 
shed is a steel frame structure, metal sheathed, and is equipped with 
cargo beams to facilitate the loading and unloading of cargo by 
ship’s gear by the Burtoning system. The contract also included 
construction of a two-belt grain conveyor gallery 608 feet in length 
above the shed. 


RECONSTRUCTION OF PIER 3. 

This work consisted of the demolition of the existing wood pile 
structure and replacing it by a pier 750 feet by 250 feet consisting 
of an outlining structure of reinforced concrete cribs with gravel 
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backfill. The cribs are 107 feet X 48 feet X 50 feet high and are 
topped by a concrete cope wall. This work is nearing completion 
and present plans call for the construction on it, in the near future, 
of two single storey, steel frame, metal sheathed transit sheds 726 
feet X 90 feet, complete with cargo beams. The face of the sheds 
will be supported on the concrete crib walls and the rear of the sheds 
on piling driven through the fill to solid support. 


SAINT JOHN 
RECONSTRUCTION OF WHARF SHED AND GRAIN GALLERY. 

The reconstruction of ‘McLeod-Pettingill Wharf, Shed and Grain 
Gallery was necessitated by the badly deteriorated condition of the 
old timber crib wharf and wooden shed and grain gallery. The 
existing shed and grain gallery were removed and part of the old 
wharf excavated. The new wharf, 875 feet in length, consists of 
an outlining wall of reinforced concrete cribs and gravel fill. The 
cribs are 107 feet X 48 feet X 50 feet high and are topped by a 
concrete cope wall. A single storey, steel frame, metal sheathed 
transit shed, 750 feet X 150 feet, with cargo beams and conveyor 
gallery overhead, was also built. One section of this shed was 
insulated and heated to provide frostproof storage space. The 
wharf apron is 33 feet wide, with two rail lines. Due to the width 
of the apron, a movable grain loading gantry, equipped with a 
conveyor belt, was provided to deliver grain from the gallery to 
ships. 

QUEBEC 
RECONSTRUCTION OF WHARF No. 20. 

This work was necessitated by the failure of a number of cribs 
of the old timber crib wharf. To prevent further movement and 
settlement, a reinforced concrete cope wall, 830 feet in length, 
supported on two rows of reinforced concrete piles and tied back by 
means of anchor rods, was built along the face of the existing wharf. 

Strengthening of timber crib wharf No. 29, approximately 1,000 
feet in length, was necessary due to distortion and settlement. This 
was accomplished by excavating the fill from crib pockets at 
intervals along the wharf face, and pouring concrete blocks in these 
pockets. The blocks are tied back by means of anchor rods fastened 
to concrete anchor blocks. 

This work is almost completed and plans are well advanced for 
the renovation of Shed 29 which was made unusable by deteriora- 
tion and the settlement of the wharf. It is presently planned to 
replace all distorted steel members in the frame of the 1,000 ft. by 
100 ft. shed and instal new doors, roof and metal siding. It is also 
planned to widen the shed by building an addition 960 feet by 
25 feet, of similar construction. 

An 80-ton, 550 h.p. diesel electric switching locomotive has been 
purchased to replace one of the Board’s steam locomotives which 
was no longer serviceable. 


MONTREAL 
IMPROVEMENTS TO JACQUES CARTIER PIER. 

Due to the deterioration of the timber crib structure of Jacques 
Cartier Pier, reconstruction of the upstream face and half of the 
outer end of the pier, 1,280 feet in extent, was carried out by means 
of an outlining face of reinforced concrete cylinders tied back by 
anchor rods. Cylindrical steel shells, 7 feet in diameter, were sunk 
to rock and excavation into the rock carried out under air pressure. 
Reinforcing was placed in the shells and they were then filled with 
concrete. Concrete piles were driven to seal small openings between 
cylinders and rock fill was placed between the cylinders and the old 
wharf face. The structure was finished off by means of a concrete 
cope wall. Foundation piling was also driven for a future extension 
to Shed No. 14. 


INSTALLATION OF GRAIN SHIPLOADERS. 

The reconstruction of the upstream face of Jacques Cartier Pier 
widened the pier approximately 15 feet, with the result that the 
existing spouts from the grain conveyor gallery would not reach 
ships’ hatches. This could not be overcome by lengthening the 
spouts, since the flat slop was unsatisfactory for best loading results. 
A contract was awarded for the installation of two travelling ship- 
loaders to handle grain from the conveyor gallery to ships. This 
work will be completed in the near future. 


RAISING WHARF APRONS. 

In the original construction of some of the wharves, provision 
was made for depressed railway lines on the wharf apron, with the 
floor of freight cars at the same level as the shed floors. The later 
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Canadian Port Improvements—continued 


construction of additional facilities prevented construction of the 
railway tracks and the depressed apron interfered with cargo 
handling. To overcome this, the aprons at Sheds Nos. 2, 11, 16 and 
17 were raised to shed floor level by construction of concrete cope 
walls on top of existing walls, backfilling the space between cope 
walls and sheds with stone screenings, and paving. 

OTHER IMPROVEMENTS. 

A single storey, steel frame, metal sheathed transit shed 616 
feet by 120 feet was built at Sections 29-30 of the harbour. This 
shed was equipped with cargo beams. 

Steel beams for the support of cargo handling gear were 
installed over alternate doorways on the water side of transit sheds 
Nos. 44, 45, 46 and 47. 

A single storey extension, 238 feet by 95 feet to existing Shea 
No. 10 was built. This.extension was of steel frame construction 
with metal sheathing. 

Major equipment purchases included a 44-ton diesel electric 
switching locomotive, two 80-ft. 400 h.p. diesel tugs, two 150 cubic. 
yard steel dump scows, a wooden flat scow 100 feet by 30 feet by 
9 feet deep and fork lift trucks for the cold storage warehouse. 


PORT COLBORNE ELEVATOR 
INSTALLATION OF DUST COLLECTING SYSTEM. 

To lessen the possibility of dust explosions and fires a contract 
has been awarded for the installation of a dust collecting system 
in the elevator. This provides for the installation of motor driven 
exhaust fans at all points where dust is created, such as points of 
transfer of grain from one conveyor belt to another or conveyo1 
belt to spout. The dust is removed by a system of metal ducts and 
deposited in a collecting tank outside the elevator for later disposal. 
This work will be completed in 1951. 

To provide greater safety for the operating staff of the elevator 
a contract has been awarded for the enclosure, by fireproof con- 
struction, of the stair and hoist wells and the installation of two 
outside steel fire escapes. This work is almost completed. 

CHURCHILL 
CONSTRUCTION OF STAFF BUILDINGS. 


A three storey building 158 feet by 25 feet of concrete block 
construction, with reinforced concrete floor slabs was built to 


provide living quarters for part of the operating staff of the harb. ur, 
A feature of this structure Is the fact that it is supported on pr: -ast 
concrete piles sunk 10 feet into permafrost. This building prov des 
living quarters for 80 men and also contains kitchen and din.ng- 
room facilities to take care of the maximum operating staff of «ve 
200 men. 

A contract has been awarded for the construction of a second 
three-storey staff building, 175 feet by 27 feet, similar in desig:: to 
Staff Building No. 1 hut, but, due to a number of unforeseen del: ys, 
the work will not be finished until late in 1951. This building will 
provide living accommodation for 136 men. 

A 200 K.W. diesel electric generating set was installed as an 
addition to the existing power plant, which consists of a 3,600 K.W. 
steam plant and a 100 K.W. auxiliary diesel insta!lation. 

The main item of equipment purchased was a 450 cubic yard 
steel dump scow for use in dredging operations. The scow was 
built and tested at an Ontario shipyard, then dismantled and 
shipped 2,200 miles by rail to Churchill and reassembled. 


VANCOUVER 

REPAIRS TO WHARF. 

The timber superstructure of West Indies Wharf, 500 feet by 
50 feet was badly deteriorated but the creosoted timber pile sub- 
structure was in good condition. Renewal of the superstructure 
was carried out by pouring concrete pile caps on the existing piles 
and placing thereon precast reinforced concrete slabs. The s'abs, 
12 inches thick, except under the railway tracks where they were 
increased to 24 inches, were secured to the pile caps by steel dowels. 
The largest slabs were 15 feet by 15 feet. 

A wharf 320 feet by 18 feet for use by tugboats was built at 
the foot of Heatley Avenue. This structure consisted of a laminated 
timber deck and a steel H pile substructure. 


Major equipment purchases included one 40-foct tugboat and 
one 80-ton, 550 h.p. diesel electric switching locomotive to replace 
a steam locomotive no longer serviceable. 


Since the National Harbours Board assumed the responsibility 
of the administration of the harbours mentioned above we have 
expended nearly $25,000,000 in capital and approximately 
$20,000,000 in maintenance work. 








Packing for Export 
A Shipowner’s view of the Ideal Package 


The ideal export pack from the shipowner’s viewpoint was the 
main theme of a paper read to the Institute of Packaging (Southern 
Area) in London early last month by Mr. R. G. Grout, of the 
General Steam Navigation Co., Ltd. Mr. Grout said that the main 
qualities came under the five following headings :— 


(1) ADEQUACY. 


The package may have to withstand anything up to a dozea 
handlings between the packing room and its destination. In addi- 
tion, it will probably be overstowed with other cargo in the ship’s 
hold, and be subjected to the pressures inevitable in a ship moving 
about in a seaway. Shipowners go to great pains and expense 
to ensure that cargo is properly stowed—but all their care is 
brought to nought if the packaging does not play its part. If 
second-hand containers have to be used avoid any temptation to 
‘‘ make-do.’’ See that the case is ‘‘ make good ”’ instead. 

(2) INSIDE PACKING. 

Misfortune is bound to ensue if things are not right within. Small 
articles which can move about or rattle in a case are bound to 
suffer—really big and heavy pieces must be bolted down or chocked 
off so that they cannot move even if the case is tilted to a quite 
unexpected angle. 


(3) HANDINESS. 

The ideal would be neat rectangular cases of handy dimensions 
to help achieve the perfect stow (with no wastage space, no danger 
of shifting and pressure of the overstow evenly distributed over 


all). Tribute should be paid to the packers of heavy lifts, whose 
cases are in the main well thought out and constructed, and as 
convenient as possible to handle in spite of weight and size. 


(4) PROTECTION AGAINST PILFERAGE. 


Strong and well-closed packing helps considerably. It makes 
things more difficult for the thief, and detection easier. Long 
nails are much preferred to short smooth ones, which may spring 
or be unobtrusively withdrawn. Wiring or steel banding is a valu- 
able extra protection, as are many patent clips or seals, often used 
with arrowhead nails—almost impossible to remove for nefarious 
purposes and replace thereafter. Bales should be strongly stitched. 
Coloured threads or string helps detection of tampering. Wire 
mesh in crates prevents picking and stealing. Mouths of bags 
should be stitched rather than tied. (Stitching across lower corners 
also helps in lifting so that bags will be manhandled and hooks 
not used. A firm well-packed bale is perferable to a loose one.) 
Where possible packaging should disguise the nature of the con- 
tents. Once a type of packing becomes identified with attractive 
contents these immediately become vulnerable. 

(5) MARKING. 

Clearly legible marks contribute to quicker handling and port 
marks especially help to prevent misdeliveries. It is always help- 
ful to indicate the points specially strengthened for slinging. If 
packing is being used for a second time, see that all old marks 
are effaced. 

Mr. Grout went on to say that progress is being made with the 
standardisation and simplification of shipping documents. Speaking 
of fibreboard containers he thought that for many commodities they 
were quite suitable. But they should not be overloaded, the flaps 
should be well closed, and the whole container properly and 
strongly banded. Much progress has been made in getting Shipping 
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Conierences to accept various types of such containers. The fact 
r. that [ar too many fibreboard cartons were nothing more than brown 
st paper reinforced, had done more to hinder their general acceptance 
eS than anything. 
y.. With regard to palletisation, Mr. Grout said that, in his opinion, 
er it had disadvantages for the shipowner for the following reasons :— 


(1) The bulkier and heavier composite package was more 


id difficult to handle. Not all ports were equipped with fork- 
“4 lift trucks. 
ll 


Model Study of Port Washington Harbour 
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Packing for Export—continued 


(2) Except in well designed vessels, loading full cargoes of 
palletised goods was bound to involve loss of space. 
(3) In most cases pallets had to be brought home empty...using 
up valuable space at some ridiculously low freight rate. 
(4) Customs examination was more difficult. 
In conclusion, Mr. Grout said he doubted whether palletisation 
would ever become general shipping practice, except in war whea 
the needs of the services overrode everything else. 


Waterways Experiment Station under the direction of Colonel 
H. J. Skidmore of the Corps of Engineers, U.S. Army. 








in a” ' 
7 Tne model has been constructed of concrete to an undistorted 
The harbour of Port Washington on Lake Michigan about 24 ‘Scale of 1:100. The wave making machine is of the plunger 

d miles north of Milwaukee, Wisconsin, covers nearly 60 acres and type, mounted on rollers so that it can be moved to any position 

. is protected to the north by a breakwater 2,500-ft. long, while to for wave direction. Besides measuring the wave height disturbance 

d the south the projecting land of the Wisconsin Electric Company by electrical conductivity elements, and recording oscillograph, 
reduces the length of the south arm to 1,000-ft. only. The entrance use will be made of photography to record the wave surface 
width is 350-ft. and the channel 21-ft. deep. There are two inner pattern. The modern technique of this photography has been 
basins (Fig. 1), with water depth of 18-ft. nighly developed in the United States, and in spite of the draw- 

Storms from the east and south-east directions cause a great backs of distorted patterns, due to the reflection and refraction, 

V deal of disturbance within the harbour, and alternative suggestions Of the incident light on the water surface, the analysis of the true 

)- for improvement of conditions have been advanced, as follows : Se wenn ob oo ania nao ~ series of eg ne 

: : the photograph show actually double lines. One is the highlight 

re ac akw 5 A 

as , ) > north eakwater. ae . 

ia (1) To increase the length of the northern breakwa of the incident light reflected from the facing slope of the wave, 

;, (2) To construct a detached south breakwater extension. and the other the concentration of the incident light rays, due 

e (3) To tip wave-breaker rubble fill to lake side of existing break- to refraction from the convex surface of the wave, on the bottom 

: waters. submerged surface of the model. The Dock and Harbour 
(4) To form rubble spending beaches at the ends of the inner Avthority will shortly publish details of this new technique in 

t basins. : reduced model experiment. 

d The comparative value of these various projects, or combinations The Engineers concerned with the Port Washington harbour 
of same, is to be tested» by reduced model experiments in the works are the Milwaukee District, Corps of Engineers U.S. Army. 
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Model of Port Washington, Wisconsin on Lake Michigan, showing harbour area and existing breakwaters Waves are generated by the 
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New Drydock for North Shields 


It was recently announced that an important scheme of develop- 
ment, involving the construction of a large new drydock at their 
North Shields Works on the River Tyne, is to be put in hand by 
Messrs. Smith’s Dock Co., Ltd. The dock, which will be the 
largest on the North-East Coast, will be of the following dimen- 
sions: length 700-ft., breadth at entrance 95-ft., draft on cill 27-ft. 
at high water, ordinary spring tides. 

A unique method is to be adopted in the construction of the 
dock wails by the use of Larssen steel. sheet piles instead of the 
traditional mass concrete design. This method, which, so far as 
is known, has never been used before for a complete drydock, will 
considerably shorten the time ot construction. 

The scheme has been approved by the Lords Commissioners of 
the Admiralty as a much-needed addition to the drydocking facili- 
ties in the country for large vessels, and, in particular, for the 
enormous tonnage of large oil tankers, up to 30,000 tons dead- 
weight, under construction or recently put into service, both in 
the U.K. and abroad. 

The dock will be equipped with modern electric cranes supplied 
by Messrs. Stothert & Pitt, Bath, and all the necessary services and 
facilities to enable all classes of repairs to be handled promptly 
and efficiently. 

A “‘ Box ”’ type Flap Gate, designed and constructed by Messrs. 
Sir William Arrol & Co., Ltd., Glasgow, will be fitted to the dock. 
This gate, which will be operated by means of a powerful electric 
winch, will be the largest of its kind yet built and the latest pattern. 
with a stainless steel and rubber seal instead of the usual green- 
heart. Its weight will be about 180 tons. 

The main pumping plant for the dock will be installed by Messrs. 
Drysdale & Co., Ltd., Glasgow, and will comprise two 39-in. motor 
driven centrifugal pumps capable of emptying the dock in two 
and a half hours, together with the usual auxiliary pumps for 
dealing with ballast water, drainage, etc. 

A somewhat novel feature of this equipment will be the adoption 
of a syphonic system on the discharge sides of the pumps in place 
of the usual sluice valves. 

The discharge water from the auxiliary pumps can be led through 
ducts under the dock cill for the purpose of preventing the accumu- 
lation of silt in the dock entrance. This arrangement has been 
adopted in a number of recently constructed gates of this type, 
and has been found most effective. 

A most important feature of the scheme will be the extension 
of the existing deepwater quay from 500-ft. to 860-ft., with a 
draft of 25-ft. at L.W.O.S.T., which will accommodate along- 
side the largest vessels coming to the Port, and excellent craneage 
equipment is available on this quay up to 50 tons capacity. 

A modern Platers’ Shed will be constructed at the head of the 
dock with overhead electric travelling cranes capable of handling 
steelwork repairs and reconstruction work of any magnitude, 
which, together with electric welding equipment of the latest type, 
will constitute a very valuable addition to the ship repairing 
facilities of the Tyne. 

Ever since the inception of the carriage of oil in bulk some 70 
years ago, North Shields has always been in the forefront in con- 
nection with repairs to oil tankers, and this latest scheme of 
modernisation on the part of Messrs. Smith’s Dock Company, 
Ltd. gives further evidence of the eminent position the Tyne 
holds among the ship repairing districts in the United Kingdom. 

In order to provide additional space for the developments, it has 
been found necessary to extend the Works by acquiring additional 
land and by closing several adjoining streets, and in this con- 
nection the Tyne Improvement Commission and the Tynemouth 
Corporation have been most helpful, and the ready support of these 
two public bodies has been of great material assistance to the 
Company in planning out their scheme. 

The whole scheme has been designed by Messrs. T. F. Burns & 
Partners, of Westminster, London, and Ellison Place, Newcastle- 
on-Tyne, who will act as Consulting Engineers for the work. The 
contract for the constructional work, which is expected to take 
about two and a half years to complete, has been placed with 
Messrs. Holloway Bros. (London), Ltd. 
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A further development involving the closing of adjoining str ets 
in the area at the North end of the Works, is to be carried jut 
concurrently with the main contract. The additional land acqu:.ed 
will be utilised for the time being for storage of spare gear, eq: p- 
ment, etc., which now occupies land required for the construc! 9n 
of the new dock. This additional land will also be invaluasle 
for further developments in the future, as sufficient space wil! e 
available for the construction of another large drydock. 








Port of Lagos 


Extension to Apapa Wharf 

Details are now available of the proposed extensions to the Apajia 
Wharf at Lagos harbour (Nigeria), at an estimated cost of 
£2,500,000. 

The existing wharf, which was completed in 1927, will be ex- 
tended south-eastwards for 2,656-tt. and provide berths for five 
more ships. The depth of 32-ft. at low water will remain the same. 
In addition, a Lighter Berth, 370-ft. long, will be built. 

On the new part of the wharf will be four transit sheds; the upper 
storey of the first will comprise accommodation for passengers, a 
large examination hall, waiting hall, restaurant and post office. This 
double storey shed will measure 487}-ft. by 100-ft., and passengers 
will be able to walk from the ship to the top floor by a covered 
portable gangway. There has not previously been any accommoda- 
tion at Lagos Harbour specially designed for passengers. 

There will be two smaller double storey sheds, 350-ft. by 100-ft., 
each having five electric lifts, and a single storey shed 487}-ft. by 
100-ft. The sheds will have reinforced concrete columns and 
beams with hollow concrete block walls, and their roofs will be steel 
roof trusses covered with corrugated asbestos sheeting. There will 
be large sliding doors on the ground floor only. Three lines of 
railway tracks and a crane track will be laid in the front, and a 
further track will be laid behind the platform in the rear of the 
sheds. 

In addition to the sheds, there will be a King’s Warehouse, three 
bonded stores, six stores for special goods, a customs office, railway 
office and mess rooms. 

The wharf wall will be of precast concrete blocks weighing from 
10 to 144 tons each, founded on 54,000 tons of rubble. The top of 
the rubble will be covered with small stone for a depth of six inches, 
which will be levelled by divers to make an even bed for the con- 
crete blocks. The top of these blocks will be 1-ft. above high water 
level and above this level the wall will be completed in mass 
concrete for a further height of 63-ft. 

Behind the wharf wall an area of 77 acres will be available for 
additional sheds, open storage space, roads, railway tracks. Along 
the back of the reclamation area a rubble bank will be constructed 
involving the depositing of 65,500 tons of stone. Between the bank 
and the back of the wharf wall 1,800 tons of sand will be deposited, 
and two and a quarter miles of roadway, 40-ft. to 60-ft. wide, will 
be laid down in the back area giving full access for road traffic to 
all sheds and storage spaces. 

Two open stacking areas will be provided in the rear of the transit 
sheds, each area spanned by an electric travelling goliath crane 
with a lifting capacity of 10 tons. 

The Consulting Engineers are Messrs. Coode, Vaughan-Lee, 
Frank & Gwyther, and the Resident Engineer is Mr. G. H. Farleigh, 
M.I.C.E. The contractors are Messrs. Richard Costain, Ltd., who 
are already on the site, and are expected to complete the work by 
April, 1955. 





DEVELOPMENT OF THE PORT OF CHITTAGONG. 

The Government of Pakistan is taking swift action, in proceeding 
with their part of the Colombo Plan, the report on which was 
published recently as a Government White Paper. At the Port of 
Chittagong, a series of new jetties are to be constructed, com- 
prising seven berths for ships of up to 10,000 tons each, and early 
last month a contract was signed between the Government of 
Pakistan and Messrs. Braithwaite & Co. Engineers Ltd., London, 
who have undertaken to complete all the jetties within three years 
at a cost of £2} million. Other British firms will also benefit by 
orders for the supply of 22,000 tons of steel involved. 
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Notes of the Month 


SECOND NATIONAL PACKAGING EXHIBITION. 


The Institute of Packaging has announced that Mr. Harold 
Wilson, M.P., O.B.E., President of the Board of Trade, has con- 
sented to open the Second National Packaging Exhibition which 
takes place at Olympia, London, from January 30 to February 9, 
next. The decision of the organisers, Provincial Exhibitions, 
Lid., to change the venue following the successful initiation of 
the venture in Manchester in 1949, has been justified, and there 
will be more than 150 exhibitors at this second exhibition, which 
represents an increase of over 50 per cent. Among recent addi- 
tion to the list of exhibitors is the Dollar Exports Board, who join 
the Special Group of Official and Trade Organisations comprising 
the Board of Trade. The British Standards Institution, the Insti- 
tute of Packaging, the Railway Executive, and P.A.T.R.A. 
INLAND WATERWAYS IMPROVEMENT SCHEME AT NEWARK. 


To enable larger waterways craft from the Humber area to 
proceed inland on the Trent as far as Nottingham, the Docks and 
Inland Waterways Executive have authorised an important im- 
provement scheme at Newark, on which work was started early 
last month. The existing lock at Newark, 23 miles below 
Nottingham, can accommodate only one standard Trent boat at 
a time, and a new lock accommodating four craft is now to be 
constructed. It will conform with the other six locks between 
Gainsborough and Nottingham. There is a considerable volume 
of general traffic and import bulk oils carried on the River Trent, 
and the improved facilities will aid economical working, improve 
the turn-round of craft, and enable increased tonnages to be 
handled at oil depots and other premises above Newark. 

SWEDISH VESSEL OF NEW DESIGN. 

Stated to be of a type exclusive to Sweden, a 15,600-ton vessel, 
the Porjus, has completed her trials and has been handed over to 
ner owners, the Swedish Grangesberg Mining concern. She is a 
new type of vessel, built by the Goeta yards and has centre holds 
for ore on outward trips and bottom and side tanks for oil on 
homeward trips, thus obviating long voyages in ballast. The vessel 
is all all-welded and segmented, and has a streamlined super- 
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structure and the sternmost tanks raised flush with the poop deck. 
Her dimensions are : length overall 532-ft., beam 68-ft., moulded 
depth 38-ft., mean draft 28-ft. The Goeta yards have already 
delivered two smaller ships of the same type to Grangesberg. They 
are the Rautas and Raunala, both of 12,000 tons. 

BILLINGSGATE QUAY PLAN. 

Early last month, the Court of Common Council, at Guildhall, 
E.C., considered a recommendation of Billingsgate Market Com- 
mittee that no objection should be offered to the construction of a 
proposed quay at Billingsgate Fish Market. The report was referred 
back for further consideration. In support of the proposed quay, 
it was stated that thousands of tons of fish were unloaded at 
Grimsby, Harwich and Southampton because of lack of proper 
landing facilities at Billingsgate. Fish landed at Harwich took 
two days to reach Billingsgate, and all the fish now landed at 
Grimsby and other coastal ports could be landed in London if 
facilities were made available. Tolls and dues would be paid to 
cover the cost. 


TEES CONSERVANCY COMMISSION. 

















M.V. Nina Borthen discharging at No. 1 Oil Berth, Teesport This is the 

first tanker to arrive on the Tees with a cargo of teed stock tor Imperia 

Chemical Industries Limited direct from the Middle East Oil Fields, and 

is the first ocean-going tanker to use No. 1 (il Berth at Teesport, recently 
opened by the Minister of Transport 





FOR SALE. 


125-TON FIXED ELECTRIC HAMMERHEAD CRANE — 


An exceptional opportunity occurs to acquire a modern heavy lilt 
Hammerhead Crane which is at present being constructed by Messrs. 
Stothert & Pitt, Ltd., Bath. Owing to a change in policy, this Crane. 
ordered in 1948, is no longer required. Delivery of the Crane is promised 
by the makers to commence towards the end of 1950 and to be com- 
pleted early in 1951. 


SPECIFICATION OF CRANE 








Maximum working load at 8’ 0” radius 125 tons 
Maximum working load at 135’ 0” radius 20 tons 
Height of lift above quay level : 100° 6” 
Depth of tower below quay level ga 30" 0” 
Centres of tower legs across quay 30° 0” 
Centres of tower legs along quay 28’ 6” 
Height of tower 90’ 0” 


Weight of tail ballast (not included), approximately 125 tons 
Estimated weight of crane, including ballast 850 tons 
Maximum corner load on foundation, approximately 430 tons 
For details apply to Sir Alexander Gibb & Partners, Consulting 
Engineers, Queen Anne’s Lodge, Westminster, London, S.W.1. 


—_ SITUATIONS VACANT. 


NEW ZEALAND 
VACANCIES FOR ENGINEERS (CIVIL, MECHANICAL AND BUILD- 
INGS SERVICES), ARCHITECTS, AND DRAUGHTSMEN FOR THE 
GOVERNMENT SERVICE IN THE DOMINION OF NEW ZEALAND. 
APPLICATIONS ARE INVITED for appointment of engineers, architects, 
draughtsmen to the permanent staff of the Ministry of Works, New 
Zealand as follows: 
(1) CIVIL ENGINEERS, 60 vacancies, at salaries ranging from £485 
N.Z. to £810 N.Z. per annum for the design and construction of hydro- 
electric, railway, highway and road, water supply, bridge, and other 
general engineering works. 
(2) MECHANICAL ENGINEERS, 6 vacancies, at salaries from £485 
N.Z. to £1,000 N.Z. per annum for the repair and maintenance of heavy 
earthworking and other construction machinery. 











(3) BUILDING SERVICES ENGINEERS, 2 vacancies, at salaries up 
to £900 N.Z. per annum, in one case, and up to £1,100 N.Z. per annum 
in the second, located in Wellington, for duties in connection with the 
design, layout and installation for all building, factory and _ hospital 
services. 

Applicants for the more senior civil and mechanical engineering positions 
should be Associate Members of tie Institution of Civil or Mechanical 
Engineers, London, and applicants for junior positions should be similarly 
qualified or hold engineering degrees which give exemption from Sections 
A and B, of the Associate Membership Examinations. Applications will 
also be accepted from men who have passed Sections A and B, but have 
not yet completed Section C of these examinations Building Services 
Engineers should for preference also be Associate Members of the Institu- 
tion of Heating and Ventilating Engineers 

(4) ARCHITECTS, 14 vacancies, at salaries up to £900 N.Z. per annum, 
Applicants should be associates of the Royal Institute of British Architects 
Appointees will be engaged on the design of buildings such as hospitals, 
schools, offices, etc. 

(5) DRAUGHTSMEN at salaries up to £810 N.Z. per annum as under 
CIVIL ENGINEERING, 4 vacancies, for the design of heavy reinforced 
concrete construction, concrete formwork, falsework and other civil 
engineering work. 

STRUCTURAL, 8 vacancies, for the design of reinforced concrete and 
structural steel bridge, buildings and other structures. 

MECHANICAL, 6 vacancies, for the general and detailed design of 
mechanical civil engineering construction equipment 

All the above salaries (except at £1,100 N.Z.) carry in addition an 
interim wage increase of £18 5s, per annum 

An engineer for the Ministry of Works, New Zealand, will interview appli- 
cants in London within the next few weeks. At the interviews opportunity 
will be taken to give full information to applicants to assist them in 
deciding to accept offers of appointment. 

Full details of conditions of contract, duties, experience required, trans- 
portation allowances, accommodation, opportunities for advancement and 
locations at which appointments are required, together with application 
forms are available on request from the High Commissioner for New 
Zealand, 415, Strand, London, W.C.2, with whom applications in duplicate 
should be lodged not later than 10th December, 1950. Consideration will 
be given, however, to late applications received before 10th January, 1951 
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THE Dock AND HARBOUR AUTHORITY 


Experience inspires this work 





January, 19.1 


ID 
OPERATION “JIGSAW” “ime 


and optimum accuracy, were the ‘ask. 
masters in the designing and laying c. this 
complicated railway layout at the Th~mes 
Board Mills. Four turnouts and a crossing, 
forming one integral unit had to be constricted 
in twelve days, and laid in one week, inclv ling 
removal of the old worn track, and prepara. 
tion of the site. The whole had to be 
accurate to the nth degree to allowit to be 
dropped into four existing tracks, namely, 
one BR. track, two tracks in a tarmac road- 
way and the rails on a weighbridge. 
Obviously none of these tracks could be 
slewed to allow for the slightest inaccuracy 


in the Summerson unit. 


The layout was constructed in Summer. 
son’s 25-acre workshop, to permit 
minimum parts for speedy laying, the size 
of each section being only governed by 
transport facilities. Truly a_ successful 
‘jigsaw’ operation, inspired by an 
experience of 100 years of railway siding 


engineering. 
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